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SUMMARY 


The objective of this study is to determine the effect of an attached 
concentrated mass on the dynamics of helicopter rotor blades. The transmission 
matrix method is used to deteimiine the natural vibrational characteristics 
(natural frequencies and mode shapes) of rotor blades. The problems treated 
are coupled flapwise bending, chordwise bending, and torsional vibration' of 
a twisted nonuniform blade and its special subcase pure torsional vibration. 

The point transmission matrix for the attached concentrated mass at any spanwise 
and chordwise locations is derived. The orthogonality relations that exist 
between the natural modes of rotor blades with an attached concentrated mass 
are derived. Completely automated computer programs for determination of the 
natural vibrational characteristics are developed. For computational efficiency 
and users’ convenience the following three separate programs are developed: 

1. For determining the natural vibrational characteristics of twisted 
nonuniform rotor blades undergoing coupled flapwise bending, chordwise bending, 
and torsional vibration with the provision of an attached point mass at any 
spanwise and chordwise locations; 

2. For determining the natural vibrational chracteristics of twisted 
nonuniform rotor blades undergoing coupled flapwise bending, chordwise bending, 
and torsional vibration without the provision of an attached mass; and 

3 . For determining the natural vibrational characteristics of rotor . 
blades undergoing pure torsional vibrations. 

The effect of the following parameters on the collective, cyclic, scissor, and 
pure torsional modes of a seesaw rotor blade is determined: 

1. Effect of collective pitch, 

2. Effect of rotation, 

3. Effect of magnitude of point mass, 

4. Spanwise location of point mass, and 

5. Chordwise location of point mass. 

The listings of the computer programs developed and a sample output are given. 
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INTRODUCTION 


Helicopters operate in a severe vibrational environment. The vibrations 
result from mass unbalance, dynamic runout of rotors, torsional vibrations 
of branched systems, critical shaft conditions, whirl vibrations, etc. The 
vibrations also result in helicopters due to the fuselage controls and append- 
ages in addition to the complex aerodynamically induced vibrations. Further, 
the rotor blades are subject to aeroelastic instability problems like 
divergence and flutter. These problems are becoming more and more important 
since rotor blades are becoming larger and thinner. It is important to * 

maintain a low level of vibration in helicopters for the comfort of the crew 
and passengers, to minimize maintenance problems, and to increase the fatigue 
life of the blades. The determination of natural vibrational characteristics 
(natiiral frequencies and associated mode shapes) is an important part of the 
vibration analyses of helicopters. They are required to eliminate the 
resonant responses of the blade, and they are also widely used in the series 
solutions of the response problems. Furthermore, the natiiral vibration 
characteristics are of extreme importance in flutter problems and are the 
basis of nearly all practical flutter analyses. 

In this report the natural vibrational characteristics of rotor blades 
with an attached point mass (at any chordwise and spanwise locations) are 
determined using the transmission matrix approach. For instance, the attached 
mass could be a sensor for measuring the angle of attack at any spanwise 
station. The effect of an attached mass on the natural frequencies is 
determined. For this purpose the continuous model of a twisted nonuniform 
blade with coupled flapwise bending, chordwise bending, and torsional degrees 
of freedom is considered. Completely automated computer programs for deter- 
mination of the natural vibrational characteristics are developed. For the 
computational efficiency and users ' convenience the following three separate 
computer programs are developed: 

1. For determining the natural vibrational characteristics of twisted 
nonuniform rotor blades undergoing coupled flapwise bending, chordwise bending, 
and torsional vibrations with the provision of an attached point mass at any 
spanwise and chordwise locations; 
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2. For determining the natural vibrational characteristics of twisted 
nonuniform rotor blades \mdergoing coupled flapwise bending, chordwise bending 
and torsional vibrations without the provision of an attached mass; and 

3. For determining the natural vibrational characteristics of rotor 
blades undergoing pure torsional vibrations. 

Holzer originally employed the transfer matrix method for approximate 
solutions of differential equations governing the torsional vibrations of 
rods, and the method is generally known as the Holzer 's method (ref. 1) . A 
method quite analogous to the Holzer 's method was originated by Myklestad for 
the treatment of beams (ref. 2) . The applicable equations were rearranged and 
simplified by Thomson to permit a systematic tabular computation and to 
extend the applicability of the method to more general problems (ref. 3) . One 
of the earliest applications of the transfer matrix method was also the steady 
state description of four terminal electrical networks, in which case the 
method is commonly designated as "four-pole parameters." Molloy (ref. 4) was 
one of the first to systematically apply four-pole parameters to acoustical, 
mechanical, and electromechanical vibrations. Pestel and Leckie (ref. 5) have 
catalogued transfer matrices for uniform elastomechanicai elements up to 
twelfth-order. Rubin (refs. 6, 7) has extended the application through a 
completely general treatment. Transfer matrices have been applied to a wide 
variety of engineering problems by a number of researchers, including Targoff 
(refs. 8, 9), Isakson (refs. 10, 11), Lin (refs, 12, 13), Mercer (ref. 14), 
Mead (refs. 15, 16), Henderson (refs, 17, 18), McDaniel (refs. 19, 20), and 
Murthy (refs. 21 to 25) for application to rotor blades, stiffened beams, 
plates, shells and stiffened rings, etc. Most of the literature except 
references 21 to 25 deals with the discrete- models of the continuous systems. 

In the present report, the transmission matrix method is used to obtain 
the natural vibrational characteristics of the rotor blades with an attached 
point mass at any spanwise and chordwise locations. The point transmission 
matrix for the concentrated mass on the rotor blade at any spanwise and 
chordwise locations is derived. The transmission matrix for the continuous 
system is obtained by using the procedure described in reference 25. For 
completeness the derivation of the orthogonality relations that exist between 
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the natural modes which is given in reference 25 is included in the present 
report with a modification to account for an attached concentrated mass. 

NOMENCLATURE 


[A] 

Bl/ 32 

Bo 

d 

EH 

EI2 


coefficient matrix of first-order differential eguations 
section constants (defined in reference 26) 
semichord at the root 

chordwise distance of the attached concentrated mass from the 
shear center, positive towards leading edge 

fiapwise bending stiffness 

chordwise bending stiffness 

distance between mass and elastic axes, positive when mass 
axis lies ahead of shear center 

distance between area centroid of tensile member and elastic 
axis 


eo 


GJ 


m 



k 

m2 


M 


M , M r M 
x' y z 


distance at root between elastic axis and axis about which 
blade is rotating 

torsional stiffness 

polar radius of gyration of cross-sectional area effective in 
carrying tensile stresses about elastic axis 

polar radius of gyration of cross-sectional mass about 

elastic axis k*^ = k^ + k^ 
m mi m 2 

mass radius of gyration of the cross section about the chord 

mass radius of gyration of the cross section about an axis 
perpendicular to the chord passing through the shear center 

magnitude of the attached concentrated mass 

resultant cross-* sectional moments about x, y, and z directions 
respectively, = twisting moment, = fiapwise bending 

moment, - chordwise bending moment 
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m 

R 


T 

[T] 

t 



V ‘ 


w 



iz] 

6 

V 

SI 

(0 


mass per unit span 

span of the rotor (from axis of rotation to the tip of the 
blade) 

tension in the blade 
transmission matrix 
time 

shear force in y and z directions respectively 

amplitude of simple harmonic lateral displacement in the 
plane of rotation ,r positive in the positive y- direction 

amplitude of sinple harmonic lateral displacement normal to the 
plane of rotation , positive in the positive z-dir action 

spanwise location of the attached concentration mass 

right-handed Cartesian coordinate system which rotates with 
the blade such that the x-axis lies along the undeformed 
position of the elastic axis, y and z are cross-sectional 
axes, y-axis is positive towards the leading edge, z-axis is 
positive vertically upwards 

state vector 

blade twist prior to deformation 

slope of the deflection curve in the plane of the rotation 

amplitude of simple harmonic torsional deformation, positive 
leading edge upwards 

slope of the deflection curve normal to the plane of the 
rotation 

angular velocity of rotation 
frequency of vibration 


SUPERSCRIPTS 

/ differentiation with respect to argument 


4 



time derivatives 


- nondimensional quantities 

f transpose of the matrix 

SUBSCRIPT 

reference quantities, say at the foot 

DERIVATION OF TRANSMISSION MATRIX OP CONTINUOUS SYSTEMS 

For linear systems, the state vector satisfied a differential equation 
of the following form ' 

{z(x)} = [A(x)] {z(x)> (1) 


By definition of the backward transmission matrix 


{z(x) } = [T(x) } {z(0) } 


( 2 ) 


Differentiating this equation with respect to x gives 


^{z(x)} = [T(x)j {z(0)-} 


(3) 


From equation (2) it is obvious that 


{z(0)> = [T(x)]-1 {z(x)} 


( 4 ) 


and the inverse of a transmission matrix always exists since the detemination 
of a transmission matrix is imity* Substituting equation (4) into equation 
(3) / the following relation is obtained 


^ {z(X)} = ^ [T(x)] [T(x)]-1‘ {z(x)} 


(5) 
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Equating equations (1) and (5) yields 


[A{x) ] {z(x) } = 


dx 


[T(x)] [T(x)]“^ {z{x)} 


or 


[T(x)] [T(x)]-1 - [A(x)3^ {z(x)} = {0} 


( 6 ) 


since equation (6) must be satisfied for all values of x and for all values 

of z , it follows that [A(x)] = [T(x)] [T(x)]”^ . Then postmultiplying 

dx 

both sides by [T{x>] gives 


^ tT(x)] = 


[A(x)] [T{x)3 


(7) 


Therefore, the transmission matrix is given directly by the solution to 
equation (7). By letting x go to zero in equation (2), the required 
initial condition becomes 

[T(0)] = [1] , the identity matrix (8) 

If equation (7) is solved as a coupled set of first-order differential 
equations, then equation (8) provides the sufficient number of initial 
conditions . 


BASIC EQUATIONS 

The basic differential equations of motion for combined flapwise bending, 
chordwise bending, and torsion of twisted nonuniform rotor blades are derived 
in reference 26, Using the transmission matrix formulation of the general 
case, the natural frequencies of subcases can be determined. These subcases 
arise if some ‘degree of freedom is decoupled from the combined flapwise 
bending, chordwise bending, and torsion by virtue of some parameters being 
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zero. Unfortunately, the mock shapes of the subcases cannot be determined 
from the formulation of the general case, so the s\ibcases must be foimulated 
separately. The differential equations of motion for simple harmonic free . 
vibrations with frequency, m , are listed below with 

\ = ^2 = eo = 0 

Case I: Combined flapwise bending, chordwise bending, and torsion 

cos 6 + w’ sin 3) t ^2^me sin 3 v 


+ n^m(k ^ - k cos 23 (f) - co^mk ^(|> 
m2 mi ^ m ^ 

+ o)^e(v sin 3 * w cos 3) = 0 


(9) 


[(Ell cos^ 3 + EI 2 sin^ 3)w" + (EI 2 - Eli) sin 3 cos 3 v"]" 

- (Tw*)' " (fl^mxe^ cos 3)’ (10) 

-- to^m(w + e^ cos 3) = 0 

[(EI 2 ^ Ell) sin 3 cos 3 w” + (Eli S + EI 2 cos^ 3)v”]" 

- (Tv*) * + ($^^mxe(j) sin 3) ' + fl^me<j> sin 3 (11) 

“ o)^m(v e(j) sin 3) - ^ 0 


T* + fl^mx = 0 


( 12 ) 


Case II: Pure torsion (e = 3 = 0) 


(GJ(j) * ) * + ^^^m(k ^ - k - (o^mk 

m 2 mi m 


0 


(13) 


For the determination of the transmission matrix, it is required to reduce 
the governing differential equations of motion to a set of first-order 
differential equations. The following state vectors are chosen for this 
purpose . 
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Case I: Combined flapwise bending, chordwise bending, and torsion. 

{z}^ = jw, V, V, M , M , M , -V , -V j 

L ' ' X z y y zJ 

Case II: Pure torsion 

= |^<{), M^J 

The components of the state vector , { z } , can be chosen in several 

ways, but they are chosen here such that they represent the physical quanti- 
ties of deflections, slopes, moments, and shears. This is not absolutely 
required, but highly preferable for the application of transmission matrices 
to obtain the natural vibration characteristics. For simplication of the 
niamerical computation the differential equations of motion are non- 
dimensionalized as shown below 





bo^ 







8 



= 


Elio 


for Case I 


= 


GJo 


for Case II 


= 


(o^moR^ 

Elio 


for Case I 


;;;2 = 


01 


’moR** 


GJo 


for Case II 


m = m/mo 


The nondimensional elements of the state vectors are defined as shown below 


w 


w 

bo 


V = 


V 

bo 


b 


— 

bo 




(p = <j) 


M r 3 

X 

M = for Case I 

X , p 

Eliobo^ 
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for Case II 


M- r3 

M =_JS— 

^ GJ()bQ^ 
M 

i 

y Eliobo 

_ M 

M = — 

z Eliobo 

V R^ 

V = 

y Eliobo 

V R^ 

— _ Z 

Eliobo 


The resulting first-order nondimensional equations are given below. 

Case I: Combined flapwise bending, chordwise bending, and torsion. 



dx 


(14a) 


— = V . (14b) 

dx 


- 

— = -C2EI10M + ciEIioM, ( 14 c) • 

dx ^ y 


dv 

dx 


C3EI10M - C2EI10M 

^ y 


dj) 

dx 


Eliobo^ 

GJR^ 


M 

X 


(14d) 


(14e) 
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dM _ _ 

= "(o^ine cos 3 w + (oo^ + ^)me sin 3 v 
dx 

+ Sl^inxe cos 3 ^ IPinxe sin 3 v 

+ [iPm(k ^ - k ^)cos 23 - w^Sik 

mz mi m 


dM ' _ 

-— =s Q1V *- n^ex sin 3 - V 

dx' ‘ 



-i- ?5^mex cos 3 4^-* 


dx 


V 

z 


dV 

_ ^ = (Ija ^ ^ ^ ^)— 3i^ e ^ 

dx 


dV _ 

+ oj^me cos 3 4> 

dx 


Case II: Pure torsion 

dX “0^0^ _ 

^ M 

dx GJR^ ^ 

dM - , 

— = [S?m(k ^ - k - IpTok 2](j) 
~ m2 mi m 


where • 


Cl 


A22 

"d" 


C2 = 


*12 

b 


{14f) ' 


(14g) 


(14h) 


(14i) 


(14 j) 


(15a) 


(ISb) 
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C3 


All 

~D~ 


D = A11A22 “ Ai 2 ^ 

All ~ Ell cos^ 6 + EI 2 sin^ 3 
Ai2 = (EI 2 - Ell) sin 3 cos 3 
A 22 = Ell sin^ 3 + EI 2 cos^ 3 

— TR^ 

T = 

EIio 

Equations (14) and (15) will define the elements of matrix [A] in equation 
(7) for the evaluation of the transmission matrices of Cases I and II 
respectively. The required initial conditions are given by equation (8) . 
The nondimensional form of equation (12) is as shown below 


+ ?2^mx = 0 ' (16) 

dx 


DERIVATION OP' THE POINT TBANSMISSION MATRIX FOR A 
CONCENTRATED MASS ON A ROTOR BLADE 


A concentrated mass is assimed to be 
along the chordline of an airfoil section 


attached by a rigid massless bar 
of the blade as shown in figure 1. 
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Figure 1. Airfoil section with attached mass. 


where 


M = attached mass 

0 = shear center of- the cross 'lection 

d . — distance of the mass from shear center along the chordline 
g = twist of the blade 
Y, z = iande£ormed coordinate system 

Inertial Accelerations 

Let X, y, z be undeformed coordinates and , y^ , be deformed 

coordinates, and these are related by 

^ . <^v dw 
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yi = y + V - 


(17b) 


zi = z + w + y^i (17c) 

Let X, Y, Z be a nonrotating coordinate system and vl, Yi ^ be a rotating 
coordinate system, and jf k be unit vectors along X, Y, Z directions 
respectively. The position vector r can be ejspressed in terms of the 
rotating coordinates and nonrotating unit vectors as shown below (see 
figure 2 also) . 



X = XI cos £2t - yj^ sin Ot 
Y = xx sin fit + yx cos fit 


Figure 2. Rotating and nonrotating coordinate systons. 
r = iX + jY + kZ 
or 


r = i(xx cos fit - yx sin fit) + j (xx sin fit + yx cos fit) + kzx 
Differentiating this equation with respect to t gives 
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r = i(xi cos fit - 2fixi sin fit - fi^xi cos fit - yi sin fit 

- 2fiyi cos fit + fi^yi sin fit) 

+ j (xi sin fit + 2fixi cos fit - fi^xi sin fit + yi cos fit 

— 2Qy\ sin cos fit) + }S*^1 

Acceleration components with respect to the rotating coordinate system 

(x, y, z) are given by substituting ^2t “ 0 in the above eguation- Denoting 

these components by a ^ a and a in k, y, z directions respectively, 

X Y 2 

the following relations can be obtained 
a^ = Xx “ fi^xx ~ 2fiyx 

= 2fixx + Yl “ 



Substituting equation (17) in these acceleration components yields 

a = u - yv' - ziJ’ -'fi^(x + u — yv’ - zw') — 2fi(v — z^) 

Hy = 2fi(it - 3 ?v' - zw') + V - z$ - fi^(y + V - z(J>) 

a = w + y$ 

2 

By neglecting the small components of usual helicopters the following 
acceleration components are obtained 

a = -fi^x 

X 

a^ = V - z$ - fi^ (v + y ~ z(|i) 

a = w + yip 
z 


(18a) 

(18b) 

(18c) 
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From geometry of figure 1, it is obvious that 


y = d cos 


(19a) 

z = d sin 

B 

(19b) 


Substituting equation (19) into equation (18) , the following acceleration 
components acting on the concentrated mass are obtained 



R 



z 


Figure 3. Free-body diagram for forces. 
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For force equilibriiam the following relations must be satisfied 


T 


R 


+ Ma 

X 


V = V + Ma 

y y y 



L 


V 

z 


+ Ma 

z 


Substituting equation (20) in the above equations and assianing simple 
harmonic free vibrations with frequency, u , the following equations can 
be obtained 


- Mfi^x 


(21a) 


= ^ “ (<«3^ + fl^)Mv + ((j)^ + J2^)Md sin 6 ^ 


(21b) 


- (O^Mw - (O^Md cos P <J) 

z z 


(21c) 


Inertial Moments 


From figure 4 the following relations for inertial force vector and 
position vector can be written 



Fig-ure 4. Inertial moments and position vector. 


17 



P - -iMa " jMa -kMa 
- - X y - z 

r jd cos (S + + kd sin (3 + ^) 

or 

r = ;jd(cos 3 - <}) sin 3) + kd(sin 3 + <!> cos 3) 

for small angles of ^ • The moment vector about the shear center 0 is 
given by 

^sc ~ ^ ^ 

where 

Ml = -*Md[{cos 3 ^ <J> sin 3) a - (sin 3 + ^ cos 3} a ] 

2 y 

Mo — -Md(sin 3 + cos 3) a 

X 

M 3 - Md(cos 3 ^ (|> sin 6 )a^ 

Substituting equation (20) in the above inertial moment components and 
neglecting the nonlinear terms the following equations are obtained for 
simple harmonic free vibrations with frequency, oj • 


Ml = oj^Md cos B w “ (o)^ + J 2 ^)Md sin 3 v 
• (to^Md^ - Q^Md^ cos 23 )<J» 

( 22 a) 

M 2 = Si^Md cos 3x4* 

( 22 b) 

M 3 = S2%d sin 3 x ^ 

( 22 c) 
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Moment Equilibrium Equations 


The free-body diagram of a small element across the concentrated mass 
is shown in figure 5. For clarity purpose only moments are shown. 



Figure 5. Free-body diagram for moments. 

For moment equilibrium the following relations must be satisfied 

- Ml 

XX 
R Xj 

M = M + M 2 

y y 

- M 3 

z z 

Substituting equation (22) in the above moment equilibrium equations 

- (O^Md cos g w + (o)^ + Q^)Md sin $ v 

X X 

(23a) 

t (— m^Md^ + Q^Md^ cos 2g){f) 

M^ = M^ + cos 6 X A (23b) 

y y ^ 
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{23c) 


sin 3 X ^ 

z z 


Point Transmission Matrix 

Equations (21) and (23) can be put into a transmission matrix form across 
the concentrated mass by noting that the deflections and slopes are continuous 
across the mass. The resulting transmission matrix after nondimensionalization 
is as shown on the following page [eq. (24)] when 


d 


bo 


tr _ M 


M = 


moR 


X = — = spanwise location of the mass. 

£\. 

Case II: For this case the point transmission matrix reduces to the 

following equation; 

T 

M 

' X 

NATURAL VIBRATION CHARACTERISTICS 


(25) 


(-OJ^ + £ 2 ^)Md 


M 


X 


Natural Frequencies 

The overall transmission matrix of the blade without the attached mass 
is obtained by integrating the differential equations given by equation (7) 
together with the initial conditions given by equation (8) . The integration 
proceeds from x = 0 to x = 1 . The matrix [A] in equation (7) is the 
coefficient matrix of the first-order differential equations of motion, and 
it is obtained from equation (14) . The coefficient T appearing in 
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w 

H 


0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

1 0 0 0 0 0 

0 1 0 0 0 0 

0 (- 0 )^ + IP- cos 2g)Md2 10 0 0 

0 sin 3 X 0100 

0 Cpm cos 3 X 0 0 10 

0 -(w^ + S2^)Md sin 3 0 0 0 1 

0 (o^M cos 3 0 0 0 0 



( 24 ) 



equation (14) is obtained by solving equation (16) together with the initial 
condition T(x = 1) = 0 . The overall transmission matrix of the blade when 
a concentrated mass is attached can be obtained as described below. 

Let x^ be the spanwise location of the attached mass. Equation (7) 

' — — % 

is integrated from x = 0 to x = — utilizing the initial conditions given 

by equation (8). Let [Ti] be the transmission matrix up to the point (Xj^^)' 

and represent the transmission properties of the system from x = 0 to 
— % 

X = — . The point transmission matrix of the attached mass is computed from 

R 

equation (24 ) , and let it be denoted by [T ] . Equation (7) can again be 

_ Xji — “ 

integrated from x = — to x = 1 utilizing the initial conditions given by 

equation (8) . Let [T 2 I be the resulting transmission matrix and represent 

, . . — — 

the transmission properties of the system from x = — to x = 1 . Then by 

R 

using the product rule of the backrard transmission matrix, the overall 
transmission matrix of the system can be obtained from the following equation 

[T] = [T23 [Tjj] [Til 

- — 

While integrating equation (7) from x = 0 to x = — to obtain transmission 

R 

matrix [Tj] , coefficient T is obtained as usual by integrating equation (16) . 
But this coefficient should be increased by a constant amount to 

account for the tension in the blade due to the attached mass. While integrating 
equation (7) from x = x,, to x = 1 this increment in the tension will not 
be required. This fact is reflected in equation (21a) which is not utilized in 
obtaining the point transmission matrix given by equation (24) . A similar 
procedure can be used for Case II also when a concentrated mass is attached to 
the blade. Having obtained the overall transmission matrix of the system 
either with or without the concentrated mass the frequency determinant can 
subsequently be obtained as discussed below. 

The frequency determinant is dependent on the boiandary conditions of the 
system, and the following three sets of root boundary conditions are assumed 
for collective, cyclic, and scissor modes of a seesaw rotor blade. 

M • = M = M = V = V = 0 at x = 1 (tip of the blade) (26a) 

A y Z y 
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Collective Lfodes 

w = v- iif = M - 0, M at x=0 

z X 9 

(root of the blade) 

Cyclic Modes 

w = v = v = M = 0/ M = at X == 0 

Y • X r 

(root of the blade) 

Scissor Modes 

w = v = iI; = v- 0, M = -*k,^) at x = 0 

^ X 9 

(root of the blade) 

By definition of the backward transmission matrix one can write 


r~ ^ 



w 


w 

V 


V 

J 


J 

V 


V 



T 

M 

X 


M . 
X 

M 

z 


M 

z 

M 

y 


M 

y 

"V 

y 


-V 

y 

hj 

X=1 

'V 

z 


(26b) ' 


(26c) 


(26d) 


(27) 
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where represents the (i, j) th nondimensional element of the transmission 

matrix from x=0 to x=l. The frequency determinant corresponding to 
collective modes is obtained by substituting the tip boundary conditions given 
by equation (26a) into the output state vector (x = 1) and the root boundary 
conditions into the input state vector (x’ = 0) . This substitution yields 
five homogeneous equations, and the determinant of the coefficient’ matrix of 
these equations must vanish for nontrivial solutions. The resulting frequency 
determinant is given by the following equation 


Teif 

■T65 “ 


• Tee 

Tea 

Teio 


T74 

T 75 - 


T78 

T79 

T 710 


T84 

TS5 - 

^86 

Tea 

Tea 

Teio 

= 0 

T94 

T 95 ^ 


T 98 

T9a 

Taio 



TlOS - 

- ^106 

Tioa 

Tioa 

Tl010_ 



where is nondimensional control system spring rate ' defined by 

- 

- : , This represents the resistance to unit torsional deformation 

^ Eliobo^ 

due to Control systems. By using a similar procedure the frequency determi- 
nants corresponding to the cyclic and scissor modes can be obtained, and they 
are given below 

For cyclic modes 


Tea 

T65 - 

k<^T66 

T67 

Tea 

TSIO ' 

T 73 

T 75 “ 

k^T76 

T 77 

T 79 

T 7 IO 

Ts3 

Tes - 


T87 

Tea 

Taio 

T 93 

T 95 - 


T 9 7 

T 9 a 

T 910 

Ti03 

Tios ■ 

■ ^0^106 

Ti07 

Ti09 

Tl010_ 


24 



For scissor inodes 


TS5 - 


T67 

T68 

T69 

TSIO ' 


T 75 - 

k^T76 

T77 

T 78 

T79 

T 7 IO 


T85 - 


T87 

T88 

T89 

T810 

= 0 

T95 - 


T97 

^98 

T9 9 

T 919 


TlOS ■ 

■ 

Ti07 

TlOS 

Tio9 

Tl010_ 



For pure torsional vibrations the boundary conditions, the transmission equation, 
and frequency determinants are given below 

Boundary conditions 


M == 0 at X = 1 

X 


M = at X = 0 

X (j) 


Transmission equation 


\<i> 


Tn 

Ti2 



1m 

1 X 

X=1 

T 21 

T 22 


l“x. 


x=0 


Frequency equation 
T21 - ^^"^22 = 0 

The frequency determinant is a function of frequency O) , the solution of which 
yields the natural frequencies. 


Mode Shapes 

Having determined the natural frequencies, the associated mode shapes 
can be obtained s\±>sequently in a straight forward manner. To determine the 
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natural frequencies the overall transmission matrix (i.e., x = 0 to x = 1) 
is required. For determination of the mode shapes the transmission matrix as 
a function of x is required. The transmission matrix as a function of x . . 
for a blade without the attached mass can be obtained by integrating equation 
(7) together with the initial conditions. If a numerical scheme is used for 
this purpose, the transmission matrix is known at various stations along the 
span. The transmission matrix as a function of x for a rotor blade with an 
attached concentrated mass can be obtained as described below. 

Let Xj^ be the spanwise location of the attached mass. Equation (7) is 
integrated from x = 0 to x = x^^ together with the initial conditions given 
by equation (8). Let transmission matrix from x = 0 , to 

x(x ^ Xj^) . The matrix x^E^iIq will be the same as matrix [Ti] defined imder 
Natural Frequencies. Let [T^^] be the point transmission matrix of the attached 
mass. Equation (7) can again be integrated from x = x^^ to x = 1 utilizing 
the initial conditions given by equation (8) . Let ^ ^ ^ 

the resulting transmission matrix. Then the transmission matrix as a function 
of X for the blade with an attached concentrated mass is given by the 
following eqpiations 

[T(x>] = -[Ti]q , 0 <x <^ ’ 

[T(x) ] = CV 7 fTi] , 1 X < 1 

M M 


A similar procedure is used to obtain the transmission matrix as a function 
of X for Case II also. 

Case I: 

Collective Modes 

From the definition of the transmission matrix, one can write the 
following equation 
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By substituting the root boundary conditions given by equation ( 26 b) into 
the input state vector (x = 0) of equation { 28 } and extracting the first, 
second, and fifth rows and arranging in a matrix form; 



Ti4(x) 

Ti5(x) 

- k^Ti6(x) 

Ti 8 (x) 

Ti9 (x) 

Tiio (x) 

T2tt (x) 

T25 (x) 

- k^T^ 26 (x) 

T 28 (X) 

T29 (x) 

T 210 (x) 

T54 (x) 

T55 (x) 

- k^T 56 (x) 

T58 (x) 

T59(x) 

T510 (x) 



( 29 ) 

By substituting the tip boundary conditions given by equation ( 26 a) into the 
output state vector (x = 1) and the root boundary conditions given by 
equation ( 26 b) into the input state vector of equation ( 27 ) and extracting 
first and sixth to ninth rows of the equation while assigning w(x = 1) =1 , 
the following equation is obtained 
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The mode shapes can now be computed from equation (32) ♦ If the differential 
equations of motion [eqs. (9), (10), and (11)] are decoupled by virtue of 
some parameters being zero, then the frequency equation will turn out to 
be the product of frequency equations of the uncoupled systems so that the 
eigenvalues of the uncoupled systems can be obtained from the coupled 
formulation* But then the coefficient matrix in equation (30) will be 
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singular and hence cannot be inverted- As a result, the mode shapes of the 
uncoupled modes cannot be dete2nnined from the coupled formulation. 

By adopting a similar procedure for cyclic and scissor modes of Case I 
and for Case II, the following equations can be obtained for the determination 
of the mode shapes 


Cyclic Modes : 


w 


T13(xJ 

Ti5(x) 

- k^Tig(x) 

V 

1 

T23(x) 

^25 (X) 

- k^T26(x) 

J 

x=x 

Ts3(x) 

T55(x) 

- k^Ts6(x) 




Ti7(x) 

Ti9(x) 

Tiio(x) 


«22 j 

T27(x) 

T29 (x) 

/ 

T210 (x) 


«32 

TS7(x> 

T59(x) 

T 510 (x) 


a^2 




where 


•> 

“12 


Ti3 

Ti5 

- V'® 

Ti7 

Ti9 

TllO 

-1 


“22 


^6 3 

T 6 5 

- >'<,’'66 

Tg7 

^69 

TsiO 


0 

\ “32 

>- 

T 73 

T 75 

- ^’76 

T 77 

T 79 

' T 710 

• < 

0 

a^.2 


'^83 

^85 

- 

^87 

Ts9 

^810 


0 

“52 

V. J 

I 


T 95 

- 

T 97 

T 9 9 

T910_ 

0 

0 

^ J 


Scissor Modes: 


w 


“ 

Tis(x) 

- k^Tis(x) 

Ti7(x) 

Ti3(x) 

Ti9(x) 

Tuo (X) 

J 

^“13^ 
“2 3 

V 


T25-(x) 

- ^^T26(x) 

T27(x) 

T28(x) 

T29(x) 

T 210 (x) 

< 

“33 

J 

x—x 

T55(x) 

- k T56 (x) 

Ts7(x) 

T 58 (x) 

Ts9(x) 

T 510 (x) 


“43 
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where 


•N 

«13 


T15 ** k^Tig 

'I’l? 

Ti 8 

Ti9 

TllO 


1 

“23 


T65 - ^j,^66 

^67 

T 68 

T69 

Teio 


0 

«33 

> = 

T 75 - k^T76 

T 77 

T 78 

T 79 

T 710 

< 

0 

“43 


T05 " 

^87 

T 88 

^89 

Tsio 


0 



_T95 - ^^T96 

T 97 

^98 

T 99 

T910^ 


0 


Case II : 

if>{x) = Tjx(x) - k^Tx 2 (x) 

ORTHOGONALITT OF ^TUEAL MODES 

The governing differential equations of motion given by equations (9) , 
(10) , and (11) can be expressed in operator notation as follows 

LllWI + l<i 3 [w] = oj^mk ^(f) + to^me sin 3 v 

® (33) 

+ o)^me cos 3 w 

L 2 i[ 4 >] + L22 [v] t L23 [w] = (u^me cos 3 ij> + co^mw ( 34 ) 

L3i[<{>] + L32[v] + L33[w] = - (O^me sin 3 <^ + OJ^mv ( 35 ) 


where 


Li 1 = - (GJ) ’ ^ GJ + R^m(k 2 ^ k 2) cos 28 

^2 n»2 mi 


L10 = - fi^mxe sin 3 t ~ + fl^me sin 3 

ax 
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Li 3 - ^^mxe cos & 


dx 


L 21 = cos 0) * - cos 6 


dx 


L2Z = A" + 2A* + A — 


dx“ 


dx^ 


L23 = B" — + 2 B‘ ^ — + B ^ — + fi^inx ^ T 


dx'^ 


dx^ dx*^ 


<3x - 2 

dx 


L31 = sin B + (SJ^mxe sin B) ' + fl^mxe sin B “ 

tlX 


L 32 = C" + 2C' ^ — + C — + fi^mx ^ - T ^ £2^ 

dx^ dx3 dx*^ dx2 


L 33 = L 22 

A = (EI2 - EI]^) sin B cos B 
B = Ell cos^ B + EI2 sin^ B 
•C = Ell sin^ 3 + EI 2 cos^ 3 


Let 0 ) and o) be two distinct eigenvalues and (<f> , v , w ) and r v ^ w^) 
r s r r r s s s 

be the corresponding eigenfunctions resulting from the solution of the problem 
described in equations (33) , (34) , and (35) . The eigenvalue problems can be 
written as 


+ ^13 ~ ^ sin 3 

+ ft) cos 3 w 

r r 


(36) 
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( 37 ) 



Using a similar procediore on equations (37) and (40) and on equations (38) 
and (41) the following two equations can be obtained 
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J + W L 22 [v 1 +w L 23 [w ] 

•'q o XT s r 5 z 

“ w JL 2 i[ii> ] - w L 22 [v^] - w L 23 [w ])dx 

j- is X S X S 

R 

= ^ / niw^Wgdx 

R 

+ J' (03 cos 6 <j) w - (c^ae COS 3 cj> w ) dx 

r\ ^ Z S S S X 


f [<j)^3 + v^I,32[v^] + v^LasIw^] 


“ "'^ 2-^31 - V^L 32 [Vg] - v^L 33 [w^])dx 


mv V dx 
u ^ ® 


(44) 


+ f (-03 ^me sin 6 ^ v + as \ie sin 3 v )dx 
T r S S 


s r 


Adding equations (42), (43), and (44) yields 


- t'J's] - ^j-I-i2r’^s3 “ <i>j.Li3[Wg] 

+ WgL2i [<{)^] + WgL22 [V^] + WgL23 

- w^L 2 ii:<i)g 3 “ W^L 22 [Vg] - w^L 23 [Wg] 

+ VgL3i[(|)^] + V^L32 [v^] + VgL33[w^] 

v^Lsi [‘J’gJ “ ■''■j-^^32 (■^g^ “ v^l* 33 rw^])dx (continued) 
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R 


= -oj^) / m[k^4(i) + ww + vv 

r s m r s r s 


(concluded) 


- e sin-$ (4>j.Vg + + e cos g («})^Wg + ^gW^)]dx 


Integrating by parts the integrals on the leftr-hand side of the above . 
equation and simplying the following equation is obtained 

R 

(o) ^ - w r m{k ^<j> ^ +WW + VV - e sin 3 (<J> v + <f> v ) 

r s m r s r s r s s s r 


+ e cos 3 w + ^ w ) }dx = {GJ(<i '4> - <J> )} 

r s s r s r r s 


R 


+ {-V (Aw + A'w ” + Cv + C'v " + fi^mxe sin 3 <i> > ) 
r s s s s s 


+ {-w (Bs "* + B'w " + Av + A’v " - ^2^10X6 cos 3 4)} 
r s • s s s 

R R 

+ {v ’ (Aw " + Cv ”) } + {w ' (Bw " + Av ")} 

r s s Q r s s Q 


0 

R 


(45) 


+ {v {Aw "' + A’w " + Cv "' + C'v + J2^inxe sin 3 4)} 
s r r r r ^r 


+ {w (Bw "'+ B'w " + Av + A'v " - ii^e cos 3 4)} 
s r r r r r 


R R 

+ {-w^' (BW " + Av ")} + {-V ' (Aw " + Cv- ")} 

s r r Q s r r ^ 


If the boundary conditions of the system are such that the right-hand 
side of equation (45) is zero, then the differential eigenvalue problem as 
defined by equations (33) , (34) , and (35) is said to be a self-adjoint 
diffeirential eigenvalue problem. The bovmdary conditions corresponding to 
fixed, hinge and free ends, etc. make the differential eigenvalue problem of 
equations (33) , (34) , and (35) self-adjoint, and the following orthogonality 
relationship can be identified. 
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The eigenfunctions / v / w ) and , v , w ) corresponding to the 

^ 3 S S 

distinct eigenvalues and to^ respectively are orthogonal in the following 

fashion 


R 

/ m{k +WW + VV - e sin 3 v + •j* v ) 

^ mrs rs rs rs sr 

(46) 

-i- e cos 3 (<f> w + 0 w ) }dx = 0 
r s s r 

The vanishing of the right-hand side of equation (45) can be demonstrated/ 
for example/ by considering the boundary conditions of the scissor modes. 
The boundary conditions given by equations (26a) and (26d) can be expressed 
in terms of the' deflections as shown below 


w^v^w’ =v' = 0 


GJ<j> ’ = ^ at X = 0 

9 


(47) 


= GJ<|)' =0 ■ 1 


M = Bw" + Av" = 0 

y 


M = Aw" + Cv" = 0 
z 


-V = Aw’" + A'w" + Cv"' + C'v" + n^ex sin 3 <j> 

y 


-V = Bw"' + B'w" + Av"* + A'v" - (2^ex cos 3 <{> 

^ J 


) at X = R (48) 


By sidastituting equations (47) and (48) into the right-hand side of equation 
(45) / it is obvious that it vanishes by the fact that the eigenfimctions 
satisfy all the botmdary conditions. 

When a concentrated mass M is attached to the blade at the spanwise 
location x = x^^ z the orthogonality relation given by equation (46) can be 
rewritten as 
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R 

J [{m + S (x - x„)M}{k +WW + VV 

Q Mm r s r s r s 

- e sin B(<j)v + 4>v)+e cos B (<|)w + ij)w)}]dx=0 

r s ’^s r r s s r 

or 

R 

/ m{k +WW + VV - e sin B (<j> v + 4 v ) 

♦'q m r^s r s r s r s s r 

+ e cos B (({' w + 4 w ) }dx + M{d^4 4 + w w 

r s s r s r s 

(49) 

+ V V - d sin B (4 V + 4 v } 
r s r s s r 

+ d cos B(4w +4w)} =0 

r s s r 

The orthogonality relations given by equations (46) and (49) are valid as long 
as boundary conditions are self-adjoint and independent of eigenvalues. ' 

NUMERICAL RESULTS AND DISCUSSION 

The natural frequencies and associated mode shapes of the Bell Helicopter 
0H-S8A, 206A-1 seesaw rotor blade are determined by using the transmission 
matrix method. The effects of the following parameters on the natural 
frequencies corresponding to the collective, cyclic and scissor modes with 
coupled flapwise bending, chordwise bending, and torsional degrees of freedom 
are determined: 

1. Effect of the collective pitch, 

2. Effect of the rotation, 

3. Effect of the spanwise location of the concentrated mass, 

4. Effect of the chordwise location of the concentration mass, and 

5. Effect of the magnitude of the concentrated mass. 
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As a special subcase the effect of parameter 5 on the pure torsional frequencies 
of the blade is determined. The properties of the Bell Helicopter OH-58A, 

206A-1 are given in table 1. The natural frequencies obtained by varying 
parameters 1 to 5 are presented in tables 2 to 6 for collective, cyclic and 
scissor modes. The mode shapes with and without the concentrated mass are 
given in tables 7 to 9 for collective, cyclic, and scissor modes. The pure 
torsional frequencies are given in table 10, and the corresponding mode 
shapes are shown in table 11. The percentage effects of various parameters 
are given in table 12. 


Effect of Collective Pitch 

The collective pitch significantly alters the predominantly bending 
natural frequencies corresponding to the collective and cyclic modes. The 
effect is more significant on the cyclic mode frequencies compared to the 
collective mode frequencies. The predominantly torsion and rigid body mode 
frequencies are not affected by the variation of collective pitch. The 
scissor mode frequencies are not at all affected by collective pitch. 
However, the mode shapes including the scissor modes will be altered 
significantly by the variation of collective pitch. A particular mode is 
considered as predominant in this report (whether it is a predominantly 
flapwise bending or chordwise bending or torsion} by comparing the following 
quantities in a given mode: 

1. Maximum torsional deformation in radians, 

2. Maximum nondimensional flapwise deflection with respect to the 
semichord (w/bo) t and 

3. Maximum nondimensional chordwise deflection with respect to the 
semichord (v/bQ) . 


Effect of Rotational Speed 

The rotational speed significantly changes the natural frequencies and 
mode shapes as expected. 
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Effect of Magnitude of Attached Mass 

The attached point mass significantly affects the predominantly 
torsional mode frequencies. As the magnitude of the mass is increased, the 
predominantly bending mode adjacent to a 'torsional mode will be altered to 
an additional torsional mode, and in such cases the frequencies and mode 
shapes are also affected significantly. 

Effect of Spanwise Location 

In this case predominantly torsional frequencies are also affected. The 
effect is increased as the mass is moved towards the tip. When a mass of 
1.5 lb is attached at midspan, the effect on the predominantly bending 
frecjuencies is insignificant, and the first predominantly torsional mode 
frequency is altered by approximately 5 percent. But when the same mass is 
moved to the tip, in addition to the significant effect of torsional mode 
frequency (20%) , the bending mode adjacent to the original torsional mode is 
altered to an additional predominantly torsional mode. 

Effect of Chordwise Location 

If the mass is attached nearer to elastic axis (quarter chord distance 
behind the leading edge) , the effect on the frequencies including the 
torsional frequency is insignificant- When the mass is attached right at 
the leading edge, the effect on the bending frequencies is negligible and the 
torsional frequency is affected by four to five percent. When the mass is 
attached at semichord distance away from the leading edge, in addition to the 
significant effect on torsional frequency (20%) , the bending mode adjacent to 
the original torsional frequency is altered to an additional torsional mode. 

Effect of Mass on Pure Torsional Frequencies 

The pure torsional frequencies are affected significantly by the 
addition of a concentrated mass as can be seen from table 10. The effect 
on the first mode frequency by addition of a 2.0 lb mass at the tip of the 
blade at a semichord distance away from the leading edge is 28 percent. The 
percentage effect decreases with the increasing number of mode. 
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Generalized Masses 


The generalized masses due to the addition of a concentrated mass are 
affected due to the following two reasons 

1. Due to the changes in the natural frequencies and mode shapes, and 

2. Due to the additional concentrated mass, in which case the new 
orthogonality relation given by equation (49) should be used instead of the 
one given by equation (46) . 

The changes in the generalized masses could be significant. Hence, in the 
response and stability analyses using the modal analysis, the natural vibration 
characteristics should be recomputed accomting for the additional mass. 

Finally, the description and featTires of the computer programs developed 
are given in Appendix A. The listings of the programs and sample output are 
given in Appendix B. 
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Some Pertinent Data of the Blade' 


1 . 


2 . 


3. 


4. 


5. 


6 . 


7. 


Twist of the blade = 

Collective pitch range = 

Noinnal operating rotational speed = 

Blade chord = 

Span of the blade = 

(Axis of rotation to the tip of the blade) 

Control system spring rate = 

Distance of the blade from the axis of rotation = 


7 IO .6 deg (linear) 
8 to 22 deg 
354 RPM 

13 in. (uniform) 
211.8 in. 

225000 in.-lb/Rad 
18.5' in. 
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Table 1. Elastic properties of the blade. 


No. 

Station 

(in.) 

m X 10"^ 
(Ib-sec^/in. ^) 

Ell ^ 10® 
(lb-in. ^) 

El2 X 10® 
(lb-in. ^) 

GJ X 10® 
(lb-in. 2) 

e 

(in.) 

mk 2 X 10“2 
(lb-sec 2) 

mk 2 X io~2 

m2 

(lb-sec^) 
Through Center 
of Gravity 

1 

0.0 

0.176 

0.77 

2.68 

0.924 

0.0 

0,0 

0.0 

2 

1.0 

0.176 

0.77 

2.68 

0.924 

0.0 

0.0 

0.0 

3 

2.1 

0.699 

5.16 

6.50 

6.19 

0.0 

0.0 

0.0 

4 

3.0 

0.699 

5.16 

6.50 

6.19 

0.0 

0.0 

0.0 

5 

3.5 

0.404 

1.16 

1.16 

1.39 

0.0 

0.0 

0.0 

6, 

5.5 

0.404 

1.38 

1.42 

1.66 

0.0 

0.0 

0.0 

7 

8.25 

0.287 

1.38 

1.42 

1.66 

0.0 

0.0 

0.0 

8 

8.5 

0.443 

1.38 

1.42 

1 . 66 

0.0 

0.0 

0.0 

9 

10.25 

0.616 

4.32 

5.18 

5.18 

0.0 

0.0 

0.0 

10 

11.0 

0.616 

4.32 

5.18 

5.18 

0.0 

0.0 

0.0 

11 

12.0 

0.443 

3.19 

2.00 

3.83 

0.0 

0.0 

0.0 

12 

13.5 

0.443 

3.19 

2.00 

3.83 

0.0 

0.0 

0.0 

13 

14.0 

0.303 

3.10 

1.17 

3.72 

0.0 

1 

0.0 

0.0 

14 

16.5 

0.217 

2.56 

1.17 

i 3.07 

0.0 

0.0 

0.0 

15 

17.5 

0.388 

2.56 

! 1.17 

1 

3.07 

0.0 

0.0 

0.0 

16 

18.5 

0.246 

1.108 

1.17 

1.33 

0.0 

0.181 

1.10 

17 

20.0 

0.254 

0.62 

i 4.15 

1.0 

-0.1 

0.172 

1.18 

18 

22.0 

0.254 

0.58 

4.50 

0.85 

-0.15 

0.166 

1.23 

19 

30.0 

0.176 

0.28 

5.00 

0.38 

-0.20 

0.091 

1.33 


(continued) 




Table 1. Elastic properties 


Station m x 10“^ 

(in.) (lb-sec Vin* 


Ell X 

(Ib-in.^) 

1 

[ 

1 

EI 2 X 10® 
(lb-in. 

0.20 

5.00 

0.14'’ 

4,60 

0.11 

4.25 

0.085 

3.95 

0.065 

3.65 

0.0582 

3.375 

0.0582 

2.40 

0.0626 

2.38 

0.0626 

2.38 

0.0582 

2.34 

0.0582 

2.34 

0.0756 

2.83 

0.0756 

2.83 

0.0582 

2.34 

0.0582 

2.34 

0.0582 

2.34 


the blade (concluded) 


GJ X 10® 
(lb-in. 

e 

(in. ) 

mk 2 X 10“2 

mx 

(lb-sec^) 

mk ^ X 10“*^ 
iri2 

(lb-sec^) 
Through Center 
of Gravity 

X 0.25 

-0.15 

0.057 

1.32 

0.18 

-0.25 

0.041 

1.26 

0.135 

-0.16 

0.030 

1.18 

0.108 

-0.16 

0.023 

1.07 

0.08 

-0.16 

0.018 

0.983 

0.0698 

-0.16 

0.015 

0.867 

0.0698 

-0.40 

0.015 

0.681 

0.0698 

0.39 

0.034 

O'. 820 

0.0698 

0.39 

0.034 

0.820 

0.0698 

-0.30 

0.015 

0.681 

0.0698 

-0.30 

0.015 

0.681 

0.0698 

0.76 

0.024 

0.839 

0.0698 

1 

0.76 

0.024 

0.839 

0.0698 

1 

-0.30 

0.015 

0.681 

0.0698 

-0.03 

0.015 

0.681 

0.0698 

-0.30 

0.015 

0.681 














Table 2. Effect of collective pitch on natural frequencies, “ M = 0 


Nature of 
the Modes 

Collective 

Pitch 

(Degrees) 

Natural Frequencies (Rad/sec) , PB “ Plapwise Bending, CB = Chordwise 
Bending/ T ~ Torsion, RB - Rigid Body Mode 

I Mode 

II Mode 

III Mode 

IV Mode 

V Mode 

VI Mode 

VII Mode 


0 

o'. 0000 RB 

8.0043 FB 

50.5391 FB 

151.1314 FB 

163.2120 CB 

295.3516 FB 

329.0782 T 

Collective 

8 

0.0000 RB 

8.0194 FB 

50.8441 PB 

148.5486 FB 

165.3739 CB 

295.7274 PB 

329.0797 T 

Modes 

15 

0.0000 RB 

8.1359 FB 

51.0740 FB 

145.8596 PB 

167.3722 CB 

295.1760 FB 

329.0792 T 


22 

0.0000 RB 

8.3805 FB 

51.2605 PB 

142.7966 FB 

■169.4166 CB 

293.6876 PB 

329.0767 T 


0 

0.0000 RB 

24.2381 PB 

37.8552 CB 

95.3712 PB 

191.5022 FB 

220.5889 CB 

329.0075 T 

Cyclic 

8 

0.0000 RB 

24.0152 FB 

36.6160 CB 

99.3403 PB 

188.9661 FB 

222.6689 CB 

329.0083 T 

Modes 

15 

0.0000 RB 

20.7326 CB 

39.0471 FB 

105.9727 PB 

185,1393 FB 

229.0445 CB 

329.0115 T 


22 

0.0000 RB 

17.4641 CB 

41.7499 FB 

114.0819 PB 

181.1205 PB 

237.8682 CB 

329.0167 T 


0 

7.9954 FB 

36.3463 CB 

51.4956 FB 

153.0226 FB 

220.4402 CB 

295.7369 PB 

329.0796 T 

Scissor 

8 

7.9954 PB 

36.3463 CB 

51.4956 PB 

153.0226 FB 

220.4402 CB 

295.7369 FB 

' 329.0796 T 

Modes 

15 

7.9954 FB ' 

36.3463 CB 

51.4956 FB 

^ 153,0226 PB 

220.4402 CB 

295.7369 PB 

329.0796 T 


22 

! 

7.9954 PB 

36.3463 CB 

51.4956 FB 

153.0226 FB 

220.4402 CB 

295.7369 FB 

329.0796 T 


U> 






Table 3. Effect of rotational speed on natural frequencies, collective pitch = 15 


M = 0 



Rotational 


Natural Frequencies (Rad/sec), PB = Flapwise Bending, 

CB = Chordwise 


Nature of 

Speed 

- 


Bending, T = 

= Torsion, RB 

== Rigid Body Mode 




the Modes 

(RPM) 

1 Mode 

II Mode 

III Mode 

IV Mode 

V Mode 

VI Mode 

VII Mode 


0 

0,0000 

RB 

8.1359 PB 

51.0740 

PD 

145.8596 

FB 

167.3722 

CB 

295.1760 

PB 

329.0792 

T 


90 

14*0456 

FB 

57.9631 FB 

150.8230 

FB 

172.0067 

FB 

302,9627 

FB 

329.1637 

T 

455.6245 

FB 

Collective 

Modes 

180 

23.8246 

FB 

74.6751 FB 

160.2750 

CB 

188.9446 

FB 

324.5546 

FB 

329.7059 

T 

475.8608 

FB 


270 

33.9126 

PB 

95.7667 FB 

169.7463 

CB 

217.7807 

PB 

329.5538 

T 

357.6205 

PB 

506.7043 

PB 


354 

43.2701 

FB 

117.0175' PB 

179.5617 

CB 

250.7197 

PB 

330.0171 

T 

394.2283 

FB 

541.7232 

PB 


0 

0.0000 

RB 

20.7326 CB 

39.0471 

PB 

105.9727 

PB 

185.1393 

PB 

229.0445 

CB 

329.0115 

T 


90 

9.4152 

RB 

26.5578 CB 

43.2346 

FB 

114.9449 

FB 

191.1030 

PB 

232.3227 

CB 

329.0834 

T 

Cyclic 

Modes 

180 

ia.8336 

RB ' 

32.5008 CB 

57.6741 

FB 

138.2622 

FB 

205.2044 

FB 

244.0435 

FB 

329.2929 

T 


270 

28.2544 

RB 

35.4246 CB 

77.9037 

FB 

169.5433 

FB 

219.6862 

CB 

267.9191 

FB 

329.6326 

T 


354 

37.0350 

RB 

37.3960 CB 

98.3988 

PB 

201.6647 

PB 

232.0615 

CB 

299.7101 

FB 

330.0657 

T 


0 

7.9954 

FB 

36.3463 CB 

51.4956 

PB 

153.0226 

FB 

220.4402 

CB 

295.7369 

FB 

329.0796 

T 


90 

13.7503 

FB 

36.8006 CB 

58.1819 

FB 

160.9285 

PB 

221.7586 

CB 

303.6304 

PB 

329,1647 

T 

Scissor 

Modes 

180 

23.1564 

FB 

37.8225 CB 

74.7200 

FB 

182.1923 

PB 

225.8361 

CB 

325.4567 

FB 

329.8134 

T 


270 

32.1352 

FB 

39.8275 CB 

95.7662 

PB 

210.8494 

PB 

233.9084 

CB 

329.5586 

T 

359.2020 

FB 


354 

37.3392 

CB 

45.0472 PB 

117.0532 

FB 

232.0153 

CD 

253.7052 

FB 

330.0189 

T 

396.6472 

FB 




Table 4. Effect of magnitude of attached mass on natural frequencies, x = 211.8 in., d = 9,7 in., 
fl = 354 RPM, collective pitch = 15°. 



of 

Magnitude 
of Attached 

Natural Frequencies (Rad/sec) , FB = Flapwise Bending, ^ 
Bending r T = Torsion, RB - Rigid Body Mod 

CB = Chordwise 

e 

the Modes 

Mass (lb) 

I Mode 

XI Mode 

III 'Mode 

IV Mode 

V Mode 

VI Mode 

VII Mode 


0,0 

43.2701 FB 

117.0175 FB 

179,5617 CB 

250.7197 FB 

330,0171 T 

394.2283 RB 

541.7232 FB 


0,5 

43.2176 FB 

117.1580 FB 

178.6105 CB 

249.0986 FB 

296.1035 T 

393.7128 FB 

540.2327 FB 

Collective 

Modes 

1.0 , 

43.1670 FB 

117.3013 FB 

177.6238 CB 

245.1096 FB 

275,0563 T 

393,4236 FB 

539.4606 FB 


1,5 

43.1181 FB 

117.4469 FB 

176.5766 CB 

237.0735 T 

264.9626 T 

393,2712 FB 

539.0953 FB 


2.0 

43,0709 FB 

117.5927 FB 

175.4395 CB 

227.2062 T 

261,3449 T 

393.2133 FB 

538.9866 FB 


Cyclic 

Modes 


37.0350 RB 37.3960 CB 98.3988 FB 201.6647 FB 
37.0355 RB 37.1011 CB 98..5738 FB 201.5790 FB 
36.8128 CB 37.0356 RB 98.7570 FB 201.1643 FB 
36.5309 CB 37.0360 RB 98.9514 FB 200.2380 PB 
36.2549 CB 37.0367 RB 99.1519 FB 198.5490 FB 



0.0 

37.3392 CB 

45.0472 FB 

117.0532 PB 

Scissor 

0.5 

37.0930 CB 

44.9039 PB 

117.1955 FB 

Modes 

1.0 

36.8515 CB 

44.7684 FB 

117.3424 FB 

1.5 

36.6091 CB 

44.6453 FB 

117.4931 PB 


2.0 

36.3702 CB 

44.5328 FB 

117.6440 FB 




330.0189 T 

396.6472 FB 

296.3588 T 

396.2658 PB . 

276.6018 T 

396.1683 FB 

268,3211 T 

396.2110 FB 

265.6692 T 

396.3542 FB 





























cr> 


Table 5. Effect of spanwise location of concentrated mass on natural frequencies, M = 1.5 lb, 

= 354 RPM, collective pitch = 15°, chordwise distance of mass from leading edge = 6.5 in. 


Nature of 


Spanwise 
location 
and Chordwise 
Location From 
Elastic Axis 


Natural Frequencies (Rad/sec) , FB = Plapwise Bending^ CB = Chordwise 
Bending, T = Torsion, BB = Rigid Body Mode 


the Modes 

(in.) 

I 'Mode 

II Mode 

III Mode 

IV Mode 

V Mode 

VI Mode 

VII Mode 

Collective 

Modes 

M 0 

d == 9.7 \ 

X,, ^ 211.8 1 

M 

d = 9.7 1 

X,, ^ 158.85/ 
M 

d ^ 9.59 \ 

X,, = 105.9 / 
M 

43.2701 FB 
43.1181 FB 

43.2211 FB 

43.2764 FB 

117.0175 FB 
117.4469 FB 

117.4908 FB 

115.0264 FB 

179.5617 CB 
176.5766 CB 

179.9896 CB 

177.2461 CB 

250.7197 FB 
237.0735 T 

242.7804 FB 

249.2111 PB 

330.0171 T 
264.9626 T 

275.9257 T 

315.2340 T 

394.2283 FB 
393.2712 FB 

395.5335 PB 

392.9685 FB 

541.7232 FB 
539.0953 FB 

540.7139 PB 

541.0933 FB 

Cyclic 

Modes 

M = 0 

d = 9.7 \ 

X,, = 211.8 / 
M 

d ^ 9.70 \ 

x^ = 158.85/ 
M 

d = 9.59 \ 

X., =* 105.9 / 
M 

37.0350 RB 
36.5309 CB 

37.0065 CB 

37.0365 RB 

37.9360 CB’ 
37.0360 RB 

1 

37.0313 F3 
37.3022 CB 

98.3988 PB 
98.9514 PB 

99.2492 PB 

97.2172 FB 

201.6647 PB 
200.2380 FB 

199.8117 FB 

201.9483 FB 

232.0615 CB 
228.2941 CB 

230.5302 CB 

228.1099 CB 

299.7101 FB 
250.8627 T 

273.8252 T 

295.1667 PB 

330.0657 T 
303.3292 FB 

298.0209 PB 

316.5346 T 


M = 0 

37.3392 CB 

45.0472 FB 

117.0532 FB 

232.0153 CB 

253.7052 FB 

330.0189 T 

396.6472 PB 


d = 9.7 1 

X = 211.8 / 

36.6091 CB 

44.6453 FB 

117.4931 FB 

228.0837 CB 

237.0498 T 

268.3211 T 

396.2110 FB 

Scissor 

Pi 








Modes 

d = 9.7 1 

x^ = 158.85/ 
M 

37.0101 CB 

44.6684 FB 

117.5263 FB 

229.6600 PB 

248.1115 PB 

276.1423 T 

397.8221 FB 


d “ 9.59 \ 









i05.9 / 
M 

37.2637 CB 

45.0X30 PB 

115.0627 FB 

228.0991 CB 

251.8251 FB 

i 

1 

... 1 

315.3651 T 

395,4402 PB 




Table 6, Effect of chordwise location of concentrated mass on natural frequencies, M = 1.5 lb, 

a - 354 RPM, X = 211.8 in. 

M 


Nature of 

Chordwise 
Locations 
From Shear 
Center and 
Leading Edge 

Natural Frequencies (Rad/sec) , PB - Flapwise Bending, CB = Chordwise 
Bending, T = Torsion, RB - Rigid Body Mode 

the Modes 

(in, ) 

I Mode 

II Mode 

III J'tode 

IV Mode 

V Mode 

VI Mode 

VII Mode 

Collective 

Modes 

M “ 0 

d = 9.7 

d, - 6.5 
ile 

d = 6,45 
= 3.25 

d = 3.2 
d - 0.05 

= - 3-25 

43.2701 PB 
43.1181 FB 

43.1181 FB 

43.1181 FB 

43.1181 PB 

117,0175 FB 
117.4469 FB 

117.4893 FB 

117.5110 FB 

117.5159 PB 

179.5617 CB 
176.5766 CB 

176.8773 CB 

177.0137 CB 

177.0576 CB 

250.7197 FB 
237.0735 T 

245.2217 PB 

247.0820 FB 

247.4319 PB 

330.0171 T 
264.9626 T 

289.4397 T 

315.1198 T 

328.6644 T 

394,2283 PB 
393.2712 FB 

393.0761 FB 

392,4943 FB 

391,4030 PB 

241.7232 FB 
539.0953 FB 

537.3240 PB 

534.8055 FB 

531.8813 FB 

Cyclic 

Modes 

M “ 0 

d - 9,7 
d,, = 6.5 

a = 6.45 
= 3.25 

d = 3.2 

d = -0.05 
djj^ = -3.25 

37.0350 RB 
36.5309 CB' 

36.5351 CB 

36.5377 CB 

36.5385 CB 

37.9360 CB 
37.0360 RB 

37.0359 RB 

37.0359 RB 

37.0359 RB 

98.3988 FB 
98.9514 PB 

98.9614 FB 

98.9669 PB 

98.9684 PB 

201.6647 FB 
200.2380 FB 

201,2544 FB 

201.6011 FB 

201.6506 FB 

232-0615 CB 
228.2941 CB 

228,7224 CB 

228.8304 CB 

228.8627 CB 

299,7101 FB 
250.8627 T 

278.7150 T 

293.4813 PB 

296.3261 FB 

330.0657 T 
303.3292 PB 

306.7561 T 

318.7820 T 

329.1355 T 


M ^ 0 
d ~ 9,7 

37.3392 CB 

45.0472 FB 

117.0532 FB 

232.0153 CB 

253.7052 FB 

330.0189 T 

396.6472 FB 

Scissor 

Modes 

d, = 6.5 
le 

d = 6.45 

36.6091 ,CB 

44.6453 FB 

; 117.4931 PB 

228.0837 CB 

237.0498 T 

268.3211 T 

396.2110 FB 

d, = 3,25 
£e 

d == 3.2 

36.6133 CB 

44.6452 FB 

117.5322 FB 

228.7281 CB 

2'47.1323 E‘B 

290.4035 T 

395.8670 FB 


d, = 0,0 
d = -0.05 

36. 6159 CB 

44.6451 FB 

117.5522 FB 

228.8264 CB 

249.7660 FB 

315.2585 T 

395.0400 FB 


= -3.25 

36.6168 CB 

44.6451 FB 

117.5567 FB 

228.8536 CB 

^250.2792 FB 

328.6690 T 

393.6814 FB 






“ Table 7. Collective mode shapes, fi = 354 RPM, collective pitch = 15°, x = 211.8 in., d = 9.7 in., 

d„ = 6.5 in. 

He 


Station 

1. 

wA>0 

— 






S 


K 

2. 

v/bo 

I Mode 

II 

Mode 

III 

Mode 

IV 

Mode 

R 

3. 

cj) (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

0.0000 

0.0000 

, 0.0000 

0.0000 

0.0000 

0.0000 

• 0.0000 

0.0000 

o 

• 

o 


2 

0^0000 

o.obao 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0,0000 



3 

0.0000 

0.0018 

-0.0016 

0.0203 

-0.0005 

-0.0618 

-0.0150 

-0.2407 



1 

0.0078, 

0.0081 

-0.0283 

-0.0314 

0.0090 

0.0078 

0.0432 

-0.0177 

0.1 


2 

.0.0147 

0.0147 

0.0079 

0.0110 

-0.2986 

-0.3264 

0.0302 

0.0173 



3 

0.0000 

0.0017 

-0.0015 

0.0199 

-0.0005 

-0.0604 

-0.0147 

-0.2353 



1 

0.0425 

0.0437 

-0.1501 

-0.1653 

0.0297 

0.0228 

0.2128 

-0.0867 

0.2 


2 

0.0252 

0.0252 

0.0295 

0.0367 

-0.5535 

-0.6061 

0.0327 

0.0395 



3 1 

0,0000 

■0.0014 

-0.0013 

0.0167 

-0.0003 

-0.0506 

-0.0122 

-0.1965 



1 

0.1233 

0.1257 

/-0.4123 

-0.4509 

0.0243 

0,0051 

0.4985 

-0.2049 

0.3 


2 

0.0255 

0.0254 

0.0807 

^ 0.0941 

-0.7467 

-0.8195. 

-0.0002 

0.0688 



3 

0.0000 

0.0005 

-0.0006 

0.0058 

0.0005 

-0,0163 

-0.0025 

-0.0608 



1 

0.2324 

0.2353 

-0.7050 

-0.7687 ■ 

-0.0315 

-0.0622 

0.6255 

-0.2700 

0.4 


2 

0.0205 ' 

0.0205 

0.1341 

0.1534 

-0.8356 

-0.9233 

-0.0140 

0.0806 



3 

0.0000 

-0.0007 

0.0000 

-0.0090 

0.0019 

0.0295 

0.0120 

0.1189 



1 

0.3513 

0.3543 

-0.8845 

-0.9671 

-0.1182 

-0.1525 

0.3662 

-0.1903 

0.5 


2 

, 0.0144 

0.0146 

0.1601 

0.1828 

-0.7851 

-0.8808 

0.0253 

0.0565 



3 

0.0000 

-0.0019 

0.0002 

-0.0242 

0.0037 

0.0752 

0.0286 

0.2948 


(continued) 




Table 7. Collective mode shapes, = 354 KPM, collective pitch == 15®, = 211.8 in., d = 9.7 in., 

d = 6.5 in. (continued). 


station 

1. 

w/bo 









X 

2. 

v/bo 

I 

Mode 

II 

Mode 

III Mode 

IV 

Mode 

R 

3. 

cj) (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

0.4758 

0.4786 

-0.8411 

-0.9304 

-0.1972 

-0.2250 

-0.2654 

0.0507 

0.6 


2 

0.0078 

0.0084 

0.1411 

0,1640 

-0.5872 

-0.6819 

0.1052 

-0.0030 



3 

0.0000 

-0.0031 

0.0022 

-0.0372 

0.0051 

0.1195 

0.0402 

0.4647 



1 

0.6041 

0.6064 

-0.5868 

-0.6732 

-0.2099 

-0.2254 

-0.8230 

0.3103 

0.7 


2 

0.0011 

0.0021 

0.0843 

0.1049 

-0.2717 

-0.3557 

0.1513 

-0.0695 



3 

0.0000 

-0.0043 

0.0036 

-0.0507 

0.0062 

0.1619 

0.0492 

0.6242 



1 

0.7347 

0.7364 

-0.1633 

-0.2371 

-0.1158 

-0.1201 

-0.8487 

0.4029 

0.3 


2 

-0.0056 

-0.0043 

0.0009 

0.0170 

0.1220 

0.0585 

0.1076 

-0.1137 



3 

0.0000 

-0.0056 

0.0039 

-0.0650 

0.0069 

0.2018 

0.0530 

0.7707 



1 

0.8670 

0.8679 

0.3885 

0.3432 

0.0901 

' 0.0889 

-0.1467 

0.1627 

0.9 


2 

-0.0125 

-0.0106 

-0.0996 

' -0.0903 

0.5559 

0.5217 

-0.0326 

^ -0.1168 



3 

0.0000 

-0.0068 

0.0038 

-0.0796 

0.0071 

0.2387 

0,0518 

0.9006 



1 

1.0000 

1.0000 

1.0000 

1.0000 

0.3546 

0.3522 ■ 

1.0000 

-0.3817 

1.0 


2 

-0.0194 

-0.0170 

-0.2067 

-0.2062 

1.0000 

1.0000 

-0.2214 

-0.0869 



3 

0.0000 

-0.0080 

0.0039 

-0.0928 

0.0073 

0.2716 

0.0532 

1.0000 


(continued) 

kd 




o 


d = 9.7 in 


Table 7. Collective mode shapes, Q - 354 RPM, collective pitch = 15°, ^ = 211.8 in., 

= 6.5 in. (continued). 


station 

X. 

w/bo 







X 

2. 

v/bo 

V Mode 

VI 

Mode 

VII 

Mode 

R 

3. 

^ (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000’ 

0.0000 

0.0 


2 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

o-.oooo 



3 

-0.2751 

-0.2507 

0.0747 

0.1119 

“0.0202 

-0.1052 



1 

0.0013 

0.0321 

0.1467 

0.1468 

0.1742 

0.1786 

0.1 


2 

-0.0008 

0.0443 

“0.0711 

-0.0822 

-0.2600 

-0.2322 



3 

-0.2688 

-0.2450 

0.0731 

0.1094 

-0.0197 

-0.1028 



1 

0.0042 

0.1575 

0.6085 

0.6071 

0.5465 

0.5714 

0.2 


2 

-0.0014 

0.0628 

-0.1664 

“0.1840 

-0.4007 

-0.3651 



'3 

-0.2221 

-0.2039 

0.0608 

0.0905 

“0.0134 

-0.0798 



1 

0.0042 

0.3659 

1.0000 

1.0000 

0.3808 

0.4380 

0.3 


2 

-0.0011 

0.0493 

-0.2276 

-0.2480 

-0.3050 

-0.2792 



3 

-0.0520 

-0.0575 

0.0201 

0.0254 

0.0195 

0.0194 



1 

-0.0001 

0.4532 

-0.5614 

-0.5787 

-0.3845 

-0.3479 

0.4 


2 1 

0.0002 

of. 0407 

-0.0946 

-0.1155 

0.0223 

0.0340 



3 

0.1748. 

0.1386 

-■0.0271 

-0.0543 

0.0649 

0.1527 



1 

-0.0062 

0.2540 

-0.3290 

-0.3106 

-0.3187 

-0.3590 

0.5 


2 

0.0019 

0.0586 

0.1254 

0.1134 

0.2155 

0.2152 



3 

0.3925 

0.3320 

-0-0644 

-0.1221 

0.0970 

0.2615 


• f 


(continued) 




Table 7. Collective mode shapes, = 354 RPM, collective pitch - 15°, = 211.8 in., d = 5 


Ze 


= 6.5 in. (concluded). 


Station 

1. 

w/bo 







X 

2. 

v/bo 

V 

Mode 

VI Mode 

VII 

Mode 

R 

3. 

(j) (Rad) 

M = 0 

M '= 2.0 lb 

1! 

o 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

-0.0130 

-0.2145 

-0.6049 

-0.6346 

0.7251 

0.6825 

0.6 


2 

0.0035 

0^0928 

0.2113 

0.2214 

0.1618 

0.1392 




0.5881 

0.5108 

-0.0887 

-0.1728 

0.1314 

0.3495 



1 

0.0038 

-0.6065 

-0.0474 

-0.1228 

0.8185 

0*8864 

0.7 


2 

0.0011 

0.0904 

0.1263 

0.1583 

0.1366 

0.0867 



3 

0.7547 

0.6726 

-0-1118 

-0.2167 

0.1632 

0*4060 



1 

0.0292 

-0.5974 

0.5650 

0.5245 

-0.3048 

-0.1986 

0.8 


2 

-0.0031 

0.0171 

-0.0054 

0.0333 

0.1667 

0.1172 



3 

0.8849 

0.8110 

-0.1284 

-0.2480 

0.1905 

0.4282 


i 

1 

-0.0199 

-0.1062 

0.2970 

0.3561 

-0.5160 

-0.5629 

0.9 

I 

2 

0.0008 

-0.1196 

-0.0603 

-0.0297 

0.0145 

0.0055 



3 

0.9717 

0.9219 

-0.1321 

-0.2587 

0.1930 

0.3970 



1 

! -0.2020 

0.4709 

-0.7969 

-0.6947 

1.0000 

0.8347 

1-0 


2 

0.0178 

--0.2805 

-0.0405 , 

-0.0187 

-0.3401 

-0.3019 



3 

; 1.0000, 

1.0000 

-0.1374 

-0.2640 

0.2047 

0.3502 


.7 in. 


U1 




Table 8. 

Cyclic mode shapes, 
djj^^ = 6.5 in. 

Q = 354 RPM 

, collective pitch = 


- 211.8 in - , 

d = 9.7 

xri . f 

Station 

1. w/bo 









X 

2. v/t(o 

I 

Mode 

II 

Mode 

III 

Mode 

IV 

Mode 

R 

3. (j) (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 


1 

0.0000 

0.0000 

0.0000 

0.0000 

0*0000 

0.0000 ' 

0*0000 

0.0000 

0.0 

2 

0*0000 

0.0000 

0.0000 

0.0000 

0*0000 

o'. 0000 

0.0000 

0.0000 


3 - 

o.opoo 

-0.0031 

0.0000 

0.0012 

-0.0016 

0.0097 

0.0003 

0.1955 


1 

0.0996 

0.0385 

0.0421 

0.1003 

-0.2188 

-0.2379 

0.5304 

0.5293 

0.1 

2 

“0*0001 

0.0221 

0.0220 

0.0002 

0.0124 

0.0132 

-0.0075 

0.0059 


3 

0.0000 

-0.0031 

0.0000 

0.0012 

-0.0016 

0.0095 

0.0003 

0.1911 


1 

0.1992 

0.0648 

0.0718 

0.2005 

-0.4324 

-0.4699 

0.9375 

0.9346 

0.2 

2 

“0.0005 

0.0783 

0.0780 

O.Q008 

0.0419 

0.0444 

-0.0086 

0.0347 


3 

0.0000 

-0,0026 

0.0000 

0*0010 

-0.0014 

0.0079 

0.0008 

0.1605 


1 

0.2990 

0.0618 

0.0714 

0. 3004 

-0.6168 

-0.6703 

0.9372 

0.9445 

■ 0.3 

2 

-0.0010 

0.1557 

0.1553 

0.0015 

0.0732 

0.0775 

0.0621 

0.1354 


3 

0.0000 

-0.0010 

0.0000 

0.0004 

-0.0009 

0.0024 

0.0047 

0.0560 


1 

0.3990 

0.0450 

0.0563 

0.4002 

-0.7350 

-0.8008 

0.4932 

0.5353 

4 

o 

2 

-0.0017 

0.2504 

0.2501 

0.0024 

0.Q995 

0.1054 

0.1896 

0.2847 


3 

0.0000 

0.0012 

0.0000 

-0.0005 

-0.0006 

-0.0053' 

0.0116 

-0.0809 


1 

0.4990 

0.0277 

0.0402 

0.5000 

-0.7465 

-0.8193 

-0.1578 

-0.0819 

0.5 

2 

-0.0024 

0.3586 ^ 

0.3586 

0.0035 

0.1140 

0.1212 

0.3003 

0.4074 


3 

0.0000 

0.0034 

0.0000 

-0.0013 

\ 

-0.0007 

-0,0133 

0.0200 

-0.2146 


(continued) 



Table 8. Cyclic mode shapes, = 354 RPM, collective pitch = 15", = 211.8 in., d = 9.7 in., 

d = 6.5 in. (continued) . 

/C<0 


station 

1, 

w/bo 









X 

2. 

v/bo 

I 

Mode 

II 

Mode 

III 

Mode 

IV 

Mode 

R 

3* 

(J) (Rad) 

M = 0 

M = 2.0 lb 

M 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

0.5990 

0.0177 

0.0252 

0.5999 

-0.6026 

-0.6740 

-0.7359 

-0.6676 

0.6 


2 

-0.0032 

0.4773 , 

0.4774 

0.0046 

0.1085 

‘ 0.1160 

0.3335 

0,4439 



3 

0.0000 

0.0055 

0.0000 

-0.0021 

0.0005 

- 0.0200 

0.0286 

-0.3438 



1 

0.6992 

-0.0025 

0.0119 

0.6999 

-0.3238 

-0.3877 

-0.9856 

'^-0.9839 

0.7 


2 

-0.0041 

0.6032 

0.6034 

0.0058 

0.0868 

0.0942 

0.2587 

0.3650 



3 

0.0000 

0.0077 

0.0001 

-0.0030 

0.0012 

-0.0270 

0.0349 

-0.4686 



1 

0.7993 

-0.0147 

0.0004 

0.7999 

0,0569 

0.0060 

-0.7515 

-0.8514 

0.8 


2 

-0.0050 

0.7337 

0.7339 

0.0071 

0. 054'3 

0.0612 

0.0757 

0.1680 



3 

0.0000 

0.0098 

0.0001 

-0.0038 

0.0014 , 

-0.0345 

0.0372 

-0.5886 



1 

0.8996 

-0.0255 

-0.0097 

0.9000 

i — 

! 0.5117 

0.4820 

-0.0213 

-0.1742 

0.9 


2 

-0.0059 

0.8665 

0.8666 

0.0083 

‘ 0.0148 

0.0205 

-0.1904 

■ -0.1288 



3 

0.0000 

0.0120 

0.0001 

-0.0047 

0.0013 

-0.0422 

0.0365 

-0.7006 



1 

•1.0000 

-0.0353 

-0.0193 

1.0000 

1.0000 

1.0000 

0.. 9786 

0.8851 

1.0 


2 

-0.0069 

1.0000 

1.0000 

0.0097 

-0.0192 

-0.0239 

-0.4915 

-0.4771 



3 

0.0000 

0.0141 

0.0001 

-0.0055 

0.0014 

-0.0493 

0.0372 

-0.7923 


(continued) 

in 




cn 


x„ = 211.8 in. / 
M 


d = 9.7 in 


Table 8 


. Cyclic mode shapes^ Q = 354 RPM, collective pitch = IS'^z 

d - 6.5 in. (continued) 

)60 


• / 


Station 

1. 

w/bo 







X 

2. 

v/bo 

V Mode 

VI 

Mode 

VII 

Mode 

R 

3. 

<|i (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

li 

o 

M = 2.0 lb 



1 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0 


2 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 



3 

0.0081 

0.1587 

-0^0294 

-0.2403 

-0.2757 

-0.2463 



1 

0.0139 

-0.0887 

-0.3716 

' 0.1193 

-0.0069 

-0.4341 

0.1 


2 

0.1241 

0.1303 

0.0677 

0-0155 

0.0009 

0-0862 



3 

0.0079 

0.1551 

-0.0287 

-0.2348 

, -0.2695 

-0.2408 



1 

-0.0425 

-0.2197 

-0.5957 

0.1909 

-0.0122 

-0.6980 

0.2 


2 

0.4039 

0.4207 

0.1872 

0.0554 

0.0025 

0.2406 



3 

0.0066 

0.1294 

-0.0247 

-0.1957 ‘ 

-0.2227 

-0.2007 



1 

-0.1911 

-0.3535 

-0.3282 

0.1322 

-0.0110 

-0.3914 

0.3 


2 

0.7141 

0.7281 

0.2104 

0.1206 

0.0030 

0.2824 



3 

0.0014 

0.0381 

-0.0133 

-0.0574 

-0.0524 

-0.0596 



1 

-0.2369 

-0.2995 

0.3086 

-0.0154 

-0.0012 

0.3505 

0.4 


2 

•. 0.9448 

0.9478 

0.1485 

0.1864 

0.0018 

0.2184 



3 

-0.0065 

-0.0845 

0.0009 

0.1266 

0.1747 

0.1270 



1 

-0.0539 

0.0007 

0.6479 

-0.1297 

0.0053 

0.7577 

0.5 

* 

2 

0.9905 

0.9914 

0.1110 

0.2108 

0.0011 

0.1698 



3 

-0.0157 

-0.2066 

0.0155 

0.3073 

0.3926 

0.3084 


(continued) 




d = 9.7 in 


Table 8. Cyclic mode shapes, fi = 354 RPM, collective pitch = 15°, = 211.8 in., 

= 6.5 in. (concluded). 


Station 

1. 

w/bo 







X 

2. 

v/bo 

V Mode 

VI 

Mode 

VII 

Mode 

R 

3. 

^ (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

0.3168 

0.4480 

0.2107 

-0.1180 

-0.0052 

0.2619 

0.6 


2 

0.8085 

0.8257 

0.1574 

0.1691 

0.0029 

0.2055 



3 

-0.0221 

-0.3215 

0.0205 

■ 0.4803 

0.5883 

0.4646 



1 

0.5984 

0.7429 

-0.5480 

-0.0032 

-0.0025 

-0.6102 

0.7 


2 

0.4563 

0. 5061 

0.2021 

0.0724 

0.0021 

0.2294 



3 

-0.0272 

-0.4279 

0.0248 

0.6405 

0.7549 

0.6016 



1 

0.5273 

0.6314 

-0.8623 

0.1176 

0.0145 

-0.9897 

0.8 


2 

0.0177 

0.1021 

0.1438 

-0.0526 

-0.0013 

0.1317 



3 

-0.0296 

-0.5220 

0.0246 

0.7844 

0.8850 

0.7100 



1 

0.0036 

' 0.0402 

-0.2540 

0.1020 

1 

-0.0251 

-0.3509 

0.9 


2 

-0.4637 

-0.3336 

-0.0499 

-0.1762 

0.0012 

-0.1172 



3 

-0.0293 

-0.6021 

0.0188 

0.9084 

0.9717 

0.7836 



1 

-0.7863 

-0.8266 

1.0000 

-0.1027 

-0.1839 

1.0000 

1.0 


2 

-0.9385 

-0.7731 

-0.3179 

-0.2839 

0.0153 

-0.4464 



3 

-0.0301 

-0.6674 

0.0195 

1.0000 

1.0000 

0.8271 




cr> Table 9. Scissor mode shapes, £i = 354 RPM, collective pitch = 15®, x = 211.8 in., d = 9.70 in., 

d^^ = 6.5 in. 


Station 

1. 

w/bo 









X 

2. 

y/bo 

I 

Mode 

II 

Mode 

III 

Mode 

IV 

Mode 

R 

3. 

4> (Rad) 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M =: 0 

M = 2.0 lb 



1 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0 


2 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 



3 

0.0000 

-0.0036 

0.0000 

0.0003 

-0.0015 

0.0197 

0.0088 

-0.2398 



1 

-0.0002 

0.0003 

0.0101 

0.0101 

-0.0278 

-0.0307 

-0.0065 

-0.0134 

0.1 


2 

0.0219 

0.0222 

0.0148 

0.0131 

0.0018 

0.0024 

0.1251 

-0.0634 



3 

0.0000 

-0.0035 

0.0000 

0.0002 

-0.0015 

0.0193 

0.0086 

-0.2344 



1 

-0.0133 

-0.0106 

0.0468 

0.0474 

-0.1486 

-0.1632 

-0.0872 

-0.0388 

0.2 


2 

0.0778 

0.0786 

0.0472 

0.0412 

0.0202 

0.0235 ■ 

0.4076 

-0.1999 



3 

0.0000 

-0,0029 

0.0000 

0.0002 

-0.0013 

0.0162 

0.0076 

-0.1958 



1 • 

-0.0573 

-0,0491 

0.1229 

0.1253 

-0.4099 

-0.4477 

-0.2526 

-0.0702 

0.3 


2 

0.1552 

0,1559 

0.0810 

0.0693 

0.0698 

0.0784 

0.7198 

-0.3418 



3 

0.0000 

-0.0011 

0.0000 

0.0001 

-0.0006 

0.0056 

0.0013 

-0.0605 



1 

-0.1164 

-0.1003 

0.2258 

0.2295 

-0.7020 

-0.7646 

-0.2895 

-0.1143 

0.4 


2 

0.2501 

0.2‘504 

0.1198 

0.1015 

0.1236 

0.1377 

0.9482 

-0.4549 



3 

0.0000 

0.0014 

0.0000 

-0,0001 

N 

0.0000 

0.0056 

-0.0076 

0.1191 



1 

-0.1767 

-0.1517 

O'. 3406 

0.3450 

-0.8812 

-0.9626 

-0.0692 

-0.1464 

0.5 


2 

0.3586 

0.3586 

0.1666 

0.1407 

0.1518 

0.1700 

0.9879 

-0.5024 



3 

0.0000 

0.0038 

0.0000 

-0.0003 

0.0002 

-0.0234 

-0.0179 

0.2959 


(continued) 




d = 9.70 in 


Table 9. Scissor mode shapes, Q = 354 RPM, collective pitch - 15®, - 211.8 in., 

d. =6.5 in. (continued) - 

Af e 


♦ f 


Station 

X 

R 

1. 

2. 

3. 

w/bo 
v/bo 
(I* (Rad) 

I Mode 

II 

Mode 

III 

Mode 

IV 

Mode 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

-0.2360 

-0.2017 

0.4636 

0.4679 

-0.8382 

-0.9264 

0.3548 

-0.1298 

0.6 


2 

0.4774 

0.4772 

0.2202 

0.1859 

0.1371 

0.1568 

0.7988 

-0.4618 



3 

0.0000 

0.0063 

0.0000 

-0.0005 

0.0023 

-0.0360 

-0.0252 

0.4656 



1 

-0.2937 

-0.2496 

0.5925 

0.5963 

-0.5846 

-0.6702 

0.6733 

-0.0521 

0.7 


2 

0.6034 

0.6031 

0.2785 

0.2356 

0.0860 

0.1053 

0.4437 

-0.3363 



3 

0.0001 

0.0087 

0.0000 

-0.0007 

0.0036 

-0.0491 

-0.0310 

0.6248 



1 

-0.3495 

-0.2957 

0.7238 

0.7285 

-0.1619 

-0.2351 

0.5953 

0.0566 

0.8 


2 

0.7339 

0.7336 

0.3399 

0.2880 

0.0093 

0.0265 

0.0034 

-0.1395 



3 

0.0001 

0.0112 

0.0001 

-0.0009 

0.0040 

-0.0630 

-0.0336 

0.7703 



1 

-0.4041 

-0.3402 

0.8622 

0.8636 

0.3892 

0.3442 

0.0116 

0.1111 • 

0.9 


2 

0.8666 

0.8665 

0.4029 

0.3419 

-0.0841 

-0.0710 

-0.4607 

0.1128 



3 

0.0001 

0.0136 

0.0001 

-0.0011 

0.0038 

-0.0771 

-0.0333 

0.8987 



1 

-0.4581 

-0.3836 

1 . 0000 

1.0000 

1.0000 

1.0000 

,-0.8695 

0.0570 

1.0 


2 

1.0000 

1.0000 

0.4662 

0.3962 

-0.1839 

-0.1768 

-0.9207 

0.3943 ■ 



3 

0.0001 

0.0161 

0.0001 

-0.0013 

0.0039 

-0.0899 

-0.0342 

1.0000 


U1 


(continued) 




g Table 9. Scissor mode shapes, Q - 354 rpm, collective pitch = 15°, == 211.8 in., d = 9.70 in., 

(continued) . 


Station 

R 

1 . w/bo 

2. v/bQ 

3. <j) (Rad) 

V Mode 

VI 

Mode 

VII 

Mode 

0 

li 

M = 2.0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 


1 

0.0000 

0.0000 

' 0.0000 

0.0000 

0.0000 

0.0000 

0.0 

2 

0.0000 

0.0000 

O.OOOO 

0.0000 

0.0000 

0.0000 


3 

-0.0160 

0.2139 

-0.2751 

-0.2517 

0.0745 

0.1216 


1 

0.0547 

0.0232 

0.0012 ■ 

0.0392 

0.1396 

0.1387 

0.1 

2 

0.0432 

-0.0938 

-0.0004 

0.0360 

-0.0284 

-0.0320 


3 

-0.0156 

0.2090 

-0.2688 

-0.2460 

0.0728 

0.1188 


1 

0.2463 

0.1558 

0.0038 

0.1712 

0.5951 

0.5920 

0.2 

2 

0.1147 

-0.3141 

-0.0012 

0.0983 

-0.1297 

-0.1402 


3 

-0.0129 

0.1746 

-0.2221 

-0.2046 

0.0604 

0.0982 


1 

0.5506 

0.4064 

0.0037 

0,3713 

1.0000 

1.0000 

0.3 

2 

0.1607 

-0.5698 

-0.0014 

0.1443 

-0.2209 

-0.2384 


3 

-0.0025 

0.0544 

-0.0520 

-0.0570 

0.0195 

'0.0260 


1 

0.6904 

0.5110 

-0.0004 

0.4530 

0.5679 

0.5848 

0.4 

2 

0.2153 

-0.7538 

-0.0006 

0.1918 

-0.1274 

-0.1513 


3 

0.0130 

-0.1038 

• 0.1748 

0.1406 

-0.0279 

-0.0629 


1 

0.4264 ! 

! 

0.2719 

-0.0063 

0.2642 

-0.3385 

-0.3224 

0.5 

2 

0.2873 ' 

-0.7704 

0. 0007 

0.2393 

0.0624 

0.0419 


3 

0.0306 

-0.2573 

0.3925 

0.3354 

-0.0651 

-0.1389 


(continued) 




Table 9. Scissor mode shapes, ft = 354 RPM, collective pitch 15°, = 211.8 in., d = 9.70 

d = 6.5 in. (concluded) 

j60 


station 

1. 

w/bo 







X 

2. 

v/bo 

V 

Mode 

VI 

Mode 

VII 

Mode 

R 

3. 

^ (Rad) 

M = 0 

M = 2.0 lb 

M « 0 

M = 2.0 lb 

M = 0 

M = 2.0 lb 



1 

-0.2356 

-0.3005 

-0.0130 

-0.1799 

-0.6291 

-0.6602 

0.6 


2 

0.3458 

-0.5884 

0.0022 

0.2615 

0.1380 

0.1360 



3 

0.0430 

-0.4077 

-0.0892 

0.5151 

-0.0892 

-0.1962 



1 

-0.8320 

-0.8314 

0.0037 

-0.5518 

-0.0630 

-0.1374 

0.7 . 


2 

0.3151 

-0.2804 

0.0001 

• 0.2078 • 

0.0641 

0.0839 



3 

0.0525 ‘ 

-0.5493 

-0.1120 

0.6773 

-0.1120 

-0.2451 



1 

•“0.8808 

-0.9040 

0.0291 

-0.5479 

0.5705 

0.5310 

0.8 


2 

0.1477 

0.0658 

-0.0034 

. 0.0545 

-0.0359 

-0.0056 



3 

0.0565 

-0.6812 

-0.1285 

0.8153 

-0.1285 

-0.2792 



1 

-0.1730 

-0.2406 

-0.0199 

-0.1020 

0.3072 

0.3658 

0*9 


2 

! -0.1465 

0.3860 

0.0012 

-0.1799 

-0.0423 

-0.0134 

1 



3 

0.0551 

-0.7999 

-0.1318 

0.9248 

-0.1318 

-0.2902 



1 

0.7545 

1.0000 

-0.2017 

0.5505 

-0.5594 

-0.7009 

1.0 


2 

-0.4282 

0.6675 

0.0190 

-0.4385 

0.0334 

0.0614 



3 

0.0565 

-0.8873 

-0.1371 

1.0000 

-0.1371 

-0.2931 




Table 10. Effect of magnitude of concentrated mass on torsional 

frequencies, = 354 RPM, d = 9.70 in., = 211.8 in. 


Magnitude 
of the 
Mass 

Frequencies (Rad/sec) 

i 

I Mode 

II Mode 

III Mode 

IV Mode 

0.0 

335.2502 

913.6214 

1494.7750 

2036.0238 

0.5 

303.0671 

845.0031 

1388.6847 

1909.5994 

1.0 

277.4304 

798.8885 

1329.8973 

1852.5323 

1.5 

256.8390 

768.4413 

1297.7905 

1825.8265 

2.0 

240.0246 

747.5134 

1278.4021 

1810.9621 
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Table 11. Pure torsional mode shapes, = 354 RPM, d = 9.7 in-, = 211.8 in. 


Station 

X 

I 

Mode 

II 

Mode 

III 

Mode 

IV 

Mode 

R 

M = 0 

M = 2,0 lb 

M = 0 

M = 2.0 lb 

M = 0 

M 2,0 lb 

M = 0 

M « 2.0 lb 

0,0 

-0.2758 

.-0.2423 

-0,3990 

-0.3941 

0,3767 

0.3726 

-0.4141 

--0.4076 

0.1 ' 

-0.2695 

-0.2368 

-0.3897 

-0.3851 

0.3676 

0.3637 

-0.4035 

-0.3975 

0.2 

-0.2226 • 

-0.1976 

-0.2786 

-0.2914 

0.1870 

0.2166 

-0.0988 

-0.1438 

0.3 

-0.0513 

-0.0593 

0.2022 

0.1019 

-0.5575 

-0.4164 

0.8986 

0. 7895 

0.4 

0.1770 

0.1246 

0.7467 

0.5891 

-0.9313 

-0.9091 

0.5508 

0.8170 

0.5 

0.3959 

0.3050 

0.9996 

0.9207 

-0.3831 

-0.7277 

-0.7391 

-0.2955 

0.6 

0.5922 

0.4766 

0.8374 

0.9937 

0.5691 

0.0273 

-0.7048 

-0.9761 

0.7 

0.7587 

0.6361 

0.3642 

0.8185 

1.0000 

0.7720 

0.4836 

- 0.3710 

0.8 

0,8876 

0.7795 

-0.2406 

0.4434 

0.5125 

0.9863 

0.9058 

0.7147 

0.9 

0.9720 

0.9031 

-0.7554 

-0.0403 

-0.4430 

0.5167 

-0.1117 

0.8571 

1.0 

1.0000 

1.0000 

-0.9481 

-0.5096 

-0.9081 

-0.3537 

-0.8792 

-0.2628 




Table 12. Percentage effects on the natural frequencies 


Variable 

Parameter 


Collective 


Rotational 

Speed 


Magnitude of 
the Attached Mass 


SpanwisQ Location 
of the Attached 


Chordwise Location 


Leading Ldge 


Magnitude of 
the Mass 


Range of 
the Parameter 

Constant 

Parameters 

Nature of 
the Mode 
Shapes 

0, 22 deg. 

i = » 

11 11 
o o 

1 

Collective 

Cyclic 

Scissor 

0, 354 RPM 

M = 0 

Collective 

Cyclic 

Scissor 

2.0 lb 

X,, =» 211.8 in. 
n “ 354 RPM 

Collective 

Cyclic 

Scissor 

105.9, 
211.8 in. 

d. “ 6.5 in, 
ie 

M = 1.5 lb 
a « 354 RPM 

Collective 

Cyclic 

Scissor 

1 i 

-3.25, 

6.5 in. 

X., =» 211.8 in. 
M 

M - 1.5 lb 
« == 354 RPM 

Collective 

Cyclic 

Scissor 

0, 2.0 lb 

X,, = 211.8 in. 
M 

d, = 6.5 in. 

Q - 354 RPM 

Pure 

Torsion 


II Mode III Mode 


4.7 


1338.3 

80.4 

23.9 


IV Mode 


VI Mode VII Mode 


-18.2 -14.5 
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APPENDIX A 

DESCRIPTION OF THE COMPUTER PROGRAMS 
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Fortran Program li 


Computes the natural frequencies and associated mode shapes of a nonimiform, 
pretwisted rotor blade with combined flapwise bending, chordwise bending, cind 
torsional degrees of freedom. 

I Data Card ; IBC, ISTAGE, NS 

FORMAT II, II, 13 

IBC: Variable indicates the nature of modes required 

IBC =1, implies collective modes 
IBC = 2, implies cyclic modes 
IBC = 3, implies scissor modes 

ISTAGE: Program performs two functions 

ISTAGE = 1, computes the values of the frequency determinants only 
ISTAGE = 2, computes the natxaral frequencies and mode shapes 
NS = Number of stations at which data is provided 

II Data Card : SPAN, OMEGA, B, TSR, RPITCH 

FORMAT 5 E 14.7 

SPAN = Span of the blade (inches) , distance between axis of rotation and tip 
of the blade 

OMEGA = Rotational speed of the blade (rotations per minute) 

B = Semichord at the root (inches) 

TSR = Control system spring rate (in.-lb/rad) 

RPITCH = Collective pitch setting at the root (degrees) 

III Data Card : DEB 

FORMAT E 14.7 

DEB = Distance of the blade from the axis of rotation 






DEB 















The following data should be provided in the order 
STA^ MASS, Ell, EI2, GJ, E, BETA, KMIS, KM2S 
FORMAT 5 e 14-7 on each card 
STA = Station locations (inches) 

The first station should correspond to the axis of rotation, and the last station 
should correspond to the tip of the blade. The distance between the stations 
need not be equal. For accuracy it is preferable to choose the stations such 
that the variation of structural properties in between can be approximated by 
a linear relationship. 

= Mass per unit span (Ib-sec^/in.^) 

= Flapwise bending stiffness (Ib-in.^) 

= Chordwise bending stiffness (lb-in. 

= Torsional stiffness (lb-in. 

= Distance between mass and elastic axes (inches) positive when mass axis 
lies ahead of elastic axis 

= Twist of the blade not including the collective pitch (degrees) 

= Mass moment of inertia of the cross-sectional mass about the chord 
(lb-sec^) 

= Mass moment of inertia of the cross-sectional mass about an axis 
perpendicular to the chord passing through the shear center 

If the data is provided say a’t 10 'stations, each of the above variables take 
2 cards and a total of 18 cards. 

If the computer variable ISTAGE = 1 (see the 1st Data Card) then the following 
card is the last card, otherwise it is last but one card 

HI, H2, H3 

FORMAT 3 E 14.7 

HI = Starting frequency (rad/sec) 

H2 = Frequency increment (rad/sec) 

H3 = Ending frequency (rad/sec) 


MASS 

Ell 

EI2 

GJ 

E 

BETA 

KMIS 

KM2S 
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Case 1. ISTAGE = 1. 


In this case frequency determinants are only computed for various frequencies. 
It starts with frequency HI and increments by H2 and goes up to the value H3. 
For each of these values it computes the nondimensional frequency determinant 
and prints. It prints three colimns: 

I column: Frequency (rad/sec) 


II column: 


Nondimensional frequency 


\y Ell^ Frequency 


III column: Nondimensional frequency determinant value 


case II. ISTAGE = 2. 


In this case the natural frequencies and mode shapes are computed. The 
natural frequencies are computed by frecpiency scanning technique. Sign changes 
in the values of frequency determinant are detected starting from value Hi at 
steps of H2 till the required sign changes are detected or the value H3 is 
reached. So the required number of frequencies that lie between HI and H3, 
whichever is less, are computed. If two frequencies lie closer than increment 
H2, then there is a chance of missing those frequencies, so H2 has to be chosen 
such that no two frequencies are closer than H2. This can be estimated by 
looking at the frequency versus frequency determinant values, which can be 
obtained when the program is executed under ISTAGE = 1. 

The output under ISTAGE = 2 prints the natural frequencies and mode shapes. 

The natural frequencies are given in (rad/sec). Hertz, and in nondimensional 
units ^ ^ mode shape deflections are given by the following; 

Flapwise deflection w/bo (nondimensional) 

Chordwise deflection v/bo (nondimensional) 

Torsional deflection tf* (radians) 

The following card is required when the program is executed under ISTAGE = 2. 
NF, ITER, BLANK, DOT, STAR, INC 
FORMAT 12, II, 3A1, 12 

NF = Number of frequencies required not exceeding 10 
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ITER = Number of subdivisions required before interpolation, usually 

ITER = 1 is sufficient. If ITER =1, after the frequency is detected 
within the interval H2, then interval H2 is subdivided and the 
frequency is detected within the interval of H2/10 before computing 
the actual frequency by interpolation. If ITER - 2, the interval is 
reduced to H2/100. 

BLANK = one blank space 
DOT = • 

STAR = * 

INC = increment in the mode number in the normal execution of the program 
INC =0. If the first two frequencies are separated by at least 
1.0 rad/ sec and the third frequency onwards are separated by at least 
20 rad/sec, it is not economical (computation wise) to scan the entire 
frequency range by incrementing at 1.0 rad/sec. In such a case the 
first two frequencies are detected by scanning with H2 = 1.0 in one 
execution and the third frequency onwards are computed in a second 
execution with H2 = 20.0. In the second execution INC = 2 must be 
fed to keep track of the correct mode number. 

Total ntmiber of data cards 

ISTAGE = 1 

Integer greater than {•^^) + 4 

ISTAGE = 2 

Integer greater than (— g— ) + 5 

Where NS = number of stations 
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Fortran Progr^ II: 


Computes the natural frequencies and associated mode shapes of a nontinifom/ 
pretwisted rotor blade with combined flapwise bending, chordwise bending, and 
torsional degrees of freedom with an attached concentrated mass at any 
spanwise and chordwise locations. 

I Data Card : IBC, ISTAGE, NS 

FORMAT II, II, 13 
Similar to Program I 

II Data Card ; SPAN, OMEGA, B, TSR, PMASS 

FORMAT 5 E 14.7 

SPAN, OMEGA, B, TSR are defined’ in Program i 
PMASS “ Magnitude of the attached mass (lb) 

III Data Card ; CLP, SLP, RPITCH, DEB 
RPITCH, DEB are defined in Program I, 

CLP - Chordwise location of the mass from shear center (inches) , positive 
forward of shear center 

SLP = spanwise location of the mass (inches) 

Rest of the data is same as in Program I. 
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Fortran Program III 


Computes the natural frequencies and associated mode shapes of a nonuniform 
rotor blade with pure torsional degree of freedom with an attached concentrated 
mass at any spanwise and chordwise locations. 

I Data Card : ISTAGE, NS 

FORMAT II, 13 
Defined in Program I. 

II Data Card ; SPAN, B, TSR, OMEGA 

FORMAT 4 E 14.7 
Defined in Program I. 

III Data Card ; PMASS, CLP, SLP 

FORMAT 3 E 14.7 
Defined in Program II. 

IV Data Card : onwards 

STA, MASS, GJ, KMIS, KM2S 

FORMAT 5 E 14.7 on each card 
Described in Program I. 

After the structural data one or two cards are to be introduced depending on 
the value of ISTAGE, as discussed under Program I. 
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APPENDIX B 


LISTINGS OF THE COMPUTER PROGRAMS AND SAMPLE OUTPUT 



FORTRAN PROGRAM I 


7 ^ 

V) 

PAG? l^iTSfmQTiALEy BSM< 



oooo ooooo o o o oo oonoooooo 


NATURAL VIBRATION CHARACTgRISTICSrCQUf LEO^ FLAPWISE BENDING, CHORD- 
WISE BENDING. AN D_’ T_0 R S 1 0 N , S .E E - s'a w " ' R 0 TQ'r'7 C 0 L Ue C T IVc, CYCLIC AND 
SCISSOR MODES iu’SES /unction d'eT ‘aN^ SUbYdUTINES INTP0L,PLUT, 
NATFRE AND shapes'// ■ “ . /JTirT'rr'.l. 

‘ Oe'CLARATION AND CQMHON STATEMENfS'//' 7 


REAL HASS, KHS'j kills, KM2S 

01 HENS ION E ('ioi ),£IlU0l');EI2{'ioi),'G'j'(ioiJ,KMSa0i),KMlS ( 101 ), 
IKrt 2S ( 101), HASS {'lOD, BETA (lO'i), d’i (loi ), D2 '( 101) , D3 ( 1 01 ) , DA ( IQl ) , 
205 ( iOl ),06 ( lOf ), 07(161 ), D8 ( 101), 09 ('i01),'D10 (101 ], Dll (101), 
3D12(10il,STAU01J,PHI (51),W(51)‘,V(51),SL(51),FRtQEN( 10) 
'C0HH0N/X1 /FREQE~N,h 1VH2,H3, ITERjfj k" 

■ CQHHQN/X2/ji,“PP'iFREiHERTZySL>BlANjOOOT, star 

CQHM0N/X3'/STA^SP^_/ / ' „ 

COHHON/XA/IBC '' ' / / ” '/ 1 \'Z’ 

C0HH0N/X5/D1, D2, 03^ D'A, D5,D6, 07, 08, 09, 010, Dll, D12, Nl, N2 

C0MH0N/X6/TSR ' / 

C0MH0N/X7/NS ' ' ■“ “ 

CQMHQN/Xa/OHEGAN ”/ ’ /I" „ 

COHHQN/Xll/IND _ y/'"'/' _ I 


THIS SECTION ’.R6ADS._IH//D AT A . OF/fHE_S//TE>r 


R6AD(5,5) I8C,ISTAGE,NS 

READ (5, 10) SPAN, OMEGA, 8, TSR,R PITCH, DEB 

READ(5, 10) (STA( J ), J = 1,NS), ( HASS ( j‘) /j = l, NS )i (EI1{J),J-1,NS),(EI2(J) 
i,J»l,NS),(GJ(J) ,J»1,NS), (E (J)','J»1,NS), (BETA{ j),J»l,NS), (KMlS(J),Ja 
2i,NS),(KM2S(J),J = l,NS)' 

R£A0(5,i0)Hl,H2',H3 

IF(ISTAG£.EQ»2) READ ( 5, 15 ) NF, I fER^Bl'ANK, DOT, STAR, I NC 


THIS SECTION PRINT AJHE . DAT/ ‘ OF. fHE..YYSVEj 


■wRlt£( 6 , 20 )’ “ 

WRITE(6,25) 

IF (IBC.EQ.1)WRITE(6,30) 

IF(I6C.£Q.2)WRITE(6,35) 

%T£fJ7ICNALLY BUA.HK 



o'o n o o 0.0 


IF(IBC.EQ.3)WRITE(6>40) 
IFCISTAG6.£g,2)wRITE{6>45)NF 
^/fRITE(6,135)Hl 

.WRIT£(6,A0)H.? 

WRITE(6,i50)H3 

IF ( I STAGE. 60*2) WRITE (6>155) INC _ 

WRITE{6>55)SPAN 

WRITE<6/60 )OflEGA_ 

WRIT6(6i65)B 

WRITE{ 6,70 )fsT_ 

WRITE(6,i90J RPlfCH 

WRIT£(6,195)DEB „ 

WRITE(6,90) NS._ 

WRITE(6,95) 

WRIT£(6,100HSTAU'),j’l,NS) _ 

WRIT£(6,105j „ 

MR I TE ( 6, 100 ) (_MA Slsj! ) , j NS j 

WRIT£(6,1i6j 

MR ITE { 6,100 ) '{ E i 1 { J j , 3 = 1, NS ) 
WRIT£(6,115) 

WRITE(6,lbO)’(£“i2U>,Jll,NS) 

MR ITE (6,120) _ 

MRIT£(6,lbb‘) (6J ( J ), J = 1,NS) ‘ 

WRITE(6,125) 1 

WRITe(6,100J(E< j)',j’»i,NS) __ 

'WRITE(6,X30)" _ ■ _ J 

W R I T E ( 6 , 1 0 0 ) ( 8_e f M 3“ ) , J = 1 , N S ) 

WRIT£C6,i40) _ _ 

WR I TE C 6 , i bo ) ( KM 1 S ( J )_, j =1, n S ) 

WRITE (6*, IAS)'” I'" 

WRITE (6,100 )TkM2S(j),J=«i,NS) 
WRITE(6,25) 


THIS SECTION 'CALCULATES THE SYSTEM' PROPERT lES AT THE REQUIRED 
.STATIONS. BY INTER PJ].L ATI 0 'n‘' AND.. P^^^ THE.' INTERPOLATED VALUES 


CALL INTPO'L(MASS) 
CALL INTPOL(Eil) 
CALL INTPOL (Ef2 )_* 
CALL INTPOL (GJ) 

CALL INTPQL(E)' 

CALL INTPOL (8'ETAT 
CALL INTPOL (KMIS)' 
CALL INTP0L(KM2S) 
WRITE(6,20) 

WRITE (6,25 ) 
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v#RlTE(6:fi75) 

WRITE (6^25) ■ ■ 

WRXTE(6#i05> ■ _ 

write(6#ioo){hass{jT>j*i,ioi)’ ■ _ 

WRIT£{6,lld) 

WRiTE(6#ioo)<e'n'u')>j=i,ioi)' l""'l 

WRITE (6> 115) ■■ - • ■“ 

WRITE(6,100) (EI2{ J)^ 

WRITE(6:»120)" " 

WRIT£{6,100){Gj ( J), 

WRITEt6;»125) _ 

■ WRrT£{6^100HEU)>J = i^l01) ■ "" 

‘WRITE{6>13d) 

WRITE(6^100H8|TA(J)> J»_l^i01) J_'_ 

'■'WRITEC6,14b} 

WRITE(6,100)‘(KHiS{ J)^ ‘ 

WRIT£{6,1A5) ■ _ ■_ 

■ WR ITE(6,100) (KM2S { Jj>‘j»l> 101) 

WRITE{6>B) 

C 

c ■ 

C ‘ ' THIS section NON-blHENSiONALIZES“ THE ‘DATA AND CONPUTES THE 

C - 

C ■ "COEFFICiENTS 6T' JH£‘ FIRST-ORDER ■o’‘IF‘FE'RENT1 A'L ‘‘EQUATI QNS WHICH ARE 

C " 

C NOT DEPENDENT “0N_ THE FREQUENCIES” 

C 

c ■ ^ 

DO 205 J = l>101__”'_ _ 

'kHIS ( J") »KM lSj j_W NA TS ( JV 

‘KN2S ( J ) =KM2S ( J ) /mass'! J )+£{ JT*E { J )_ 

205 KHS( J)*KM15U )+KH2S(J) 

NZTS=DE8/SPAN ' 

N2=NZTS+1 

DO 206 I»NZ^101 

206 BETACI) sBETA’ID+RPITCH “ ' 1'' 

PI = A.04'ATANC1.0) 

0.i£&A»QH£GA*PI/30.0 
ONEGAS»OHEGA*OKEGA 
SPANS-SPAN+SPAN 
8S = 8=S‘3 

TSR=»TSR*SPANS*SPAN / CEIlIl) =J^8S ) 
FACT=SQRT(NASS'(i)*S?ANS*SPANS/EU(i) ) 

Ort E G AN = F AC T* F A'C TJ= OH E G A S 

F 1 * B S / S P A N S '.'1 ‘ ' _ ’ 

Nl®3 
NZ = 7 

IF(I8C.EQ.2) Nl»4 
IF(IBC.EQ,2) N2»8 
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o o o o o 


IF(IBC.6Q.3)N2 = 4 _ . . 

DO 210 J-1^101 . 

2 1£ .05 ( J } «M.AS.S.( J 1/.HAS li 

XtO«0 

H5»0. 01/24.0 . 

... DO 215 J=i,101 . .. 

D2U)=D5(J)=>H5*X. 

215 X»X+0.01 _ 

“ ' Dl2(101)»0.b _ „ 1_'„ ! ' 

Di2UO0)*9,O+b2CiOiJ + i9.0=!'D2(i6o)-5.O*02(99) + D2(93) 
bo 220 JJ=2,99 

220 D12< J)*D12 (J + iy-b”2( J + 2) + l3.0=f=(02.{J+l).tb2(J ) )-02t J-1) 

012 ( 1 ) *012 ( 2 ) +D 2 < 4.)_-5 .0*02(3} +.19...0.*D2 r2.)„+9 .0*02 ( 1 ) 

X-0.0 _ 

__0b 230 j = i^ioi _ . 

_8£TAU}*f>i*3£TA( j)/i80.b _ „ _ 

..C*C0S<3EtA( J) ) _ 

S*SIN(BETA<J ) )_ _ „ 

__CS*C*C 

_SS«S*S _ _ _ _ 

All*EIl(Ji*CS+Ei2(J )*SS 

■'“'a 12*(EI2( J) j*C*S ~ 

A22»EIl('Jl*SS+EI2/j)*CS' 1 _. 

"b=All + A22-A12*_A12 ' . 

bl{J}«-EIl(l)*A12/D 

_02(J)*E'll(l}*A22^b. _ 

03(J )=EI1( l)*Ali_/D . _ 

D4(J )=EIl(l)*F'i/GjTj} 1 J] 

"D6<J)*b5"{J)*£(j}7~8 “ _ 

D7U )=06( J )*S 

06(J 1»06< J)*C ■ “ • ■ • 

■ 06(J)*D6(J)*X*ai1£GAN 

■ D9{J)*07{J)*X*dfi£GAN 

D10( J)=QMEGAM*05(J)*(KH2S( J)~KttlS( j) )*(CS-SS)/BS 
0ilU)*D5( J)*KMS(J)/3S ‘J" 1_ 

■“ 0l2(J}*bl2{J)*QH£GAN 
230 ■ ‘ X-X+0.01 ■ 'll _ 

H1»H1*FACT 
" H2=H2*FACT 
H3»H3*FACT 

■ IF(ISTAGE.£Q.2'r GO TO 240 _ ’ “ ' __ 


THIS SECTION .CALCULATES tHE "FREQUENCY 'D ET'eRMI n ANTS OF THE. SYSTEM 


WRITE(6/20 ) 
WRIT£(6^25) 



WRITE(6,180) 
i^RITE(6,25) 

235 P = Hi=J^Hl 

IF(H1.GT.H3) GO TO 265 
FR»H1/FACT 
F=OET(P) 

WRITE(6,135)'FR,H1»F 
GOTO 235 ■ 

c ' • 

C — — 

C THIS SECTION CALCULATES tHE ' NATU^Al'TREObENC I ES AND THE ASSOCIATED 

c ■ 

C MODAL FUNCTIONS OF THE SYST EH .‘HOOaI^ FUNCTIONS ARE NORMALIZED WITH 

C " — 

C ■ RESPECT TO TH^'H^X I HUH' DEFLECTION* OF tHE PREDOMINANT MODE 
c ■ — r__ 

c . “ ' ■ "1 7 

240 CALL NATFRE(NF) 

SL(1)»0.0 

DO 245 J = l>50 ■ ■ ’ _■ 7 7 7_ 

245* SL< J+1)=SL(J )+0.'02 ■ ' '■ 

IF(IJK.EQ'.O) go' to 261 

DO 260 J»i, IJK ■ "■ _ 

J1»J+INC 

PPs=FR£QEN<J )■ 

P»PP*PP 

IF{ (J1+I8C) .EQ.2.*AN0. OMEGA. LE.O.oTgG TO 246 
CALL SHAPES{P,W^ V^PHI)' _ " 

GO TO 248 ' ■ '■ 

246 DO 247 I=l>5i _ ' J 

va)»si{i) ■ T" 71 

W(l)»0.0 _ 

247 PHia)=0.0 - 

GO TO 256 

248 IFdND.EQ.lj' GO ’fd 256 ‘ 7^ 

AHAX=W{1) 

DO 250 1=1, 51 ' ' 

IF { A BS ( AHAX ) . LT . A8*S ( W { i ) ) ) AHA X»W" fl ) 

IF<ABS { AHAX ).LT.ABS(V(I))j AMAX»V< I ) 

250 IF(A6S( AMAX).LT.ABS(PHI(I)))AHAX = PHirij 
00 255 1 = 1,51 _ 

W(I)=*W(I)/AHAX ■ 7 7 

V(I)«V(I)/AHAX _ 7_ _ 

2 55 PHI(I) = PriI(D/A_HAX "7 ”77__ 7""~7!7 1 7- 

256 ■continue 

FRc = PP/FACT ' " '”7- 

HERTZ = FRE/C2'.0 + PI) 

CALL PL0T(W,1) 
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CALL PL0T(V>2) 

CALL PL0f{PHI,3) „ „„ 

260 __ CONTINUE _ _ _ „ - . 

.26X IF { I JK . LT.N fT W RltE'(6>i60) UK 

265 IF(ISTAGE.EQ.l) WRITE(6>25) 

C .. . . 

C FORMATS _r ■ 

C ‘ — — 

c ' _ 

5 ” FORHAT< Il>il>13) ' ' 

10 FQRMAT(5E14,7) __ 

15 F0RMAT(I2>I1,3A1,I2')“' 

20 _„_F.ORHAT{ IHl) 

25 FORMAT ( //2X> »****** **** ********?****** ***»*** ******** 

2****=5=”) “---^ ■ ' J— 

30 FO'rmAT(//35x7”NA'tURE”of' THE M6DES*^r9X_,J»carLECTI VE MOOES") 

35 f’ORMATC // 35X, "NATURE OF THE M0DES«fi9X> "CYCLIC MODES") 

AO "J.'fQRMATC //35x/"NATUR’E OF THE HdD£Sj!>19X> "SC ISSOR MODES") 

A5 “ ■foRMAT(// 5X^»NUMBER OF >REQU^NCjE.S_REOOi 

■ 1‘ -■ " 1 J ' „ 15) 

50 ■ FORMAT( //5X, "FREQUENCY INCR£M'ENJ_iRAD/SEC ) _ 

~ ' 1‘ ■ ... ='SE1A.7) 

55 F0RMAT'( //5X/»»L£'nGTH OF'fHE BLADE (INCHES) __ 

1 "■ 1 ~ riZLl— 1’ ="/E1A.7) 

60 ■ >DRMAT{//5)(»"R0'tATIQNAL ' VELOC ITY OF tHE BL'AQ“E '(RPM) 

1 _ _ »”j£iA.7) 

65 F □ R M A T ( / / 5 X ; »S £ H_I -CJIQR pi OF ' THE* TUOE jUllCjil SJ__ 

' 1 ■ _1'“ . ' „ ="^£14. 7) 

70' FaRMAT{ //5X^»»CQ‘NTRbL SYSTEM SPRIXg' RATE _fiN*-'i B/ RAO ) 

1 _ ■■ =»’»>ei4.7) 

90 FORMAT! //5X,'«NUHB_ER_aF DATA POINTS 

1 ■ "■ ■ ■ =«, 15) - 

95 FORMAT!'// SX^MSTM'iON LOCA TI ONS ‘T INCHES )'»») 

100 FORMAT! //7!4X^EiA.7n " 1 ' ” ' 

105 F0RMAT(//5X>«MASS -PER 'UNit LENG'TH ("lB-S E'C’«'= i‘2/IN=!'*2 ) « ) 

110 FORMAT! //5X»"FLAPWISf8ENDIN6 STIFFNESS (L8-IN+*2)") 

115’ FORMAT! //5X;'«CH0RDWIS£ BENDING ‘sTl FFNES'S" ! LB-IN+*2 ) ») 

120 FORMAT! //5X/»T0RSIQNAL' STIFF NESS _(V8-IN>'*2)'») 

125 FORMAT! //5X>»DISTANCE BETWEEN MASS AND |LASTIC AXIS ! INCHES J ») 

130 FORMAT! //5X,”TWIST OF THE B L A DE”''N0 t ' INCLUDING THE COLLECTIVE PITCH 

i(DEGREES)'*) 

135 FORMAT! //5X.»»START'ING ' FREQUENCY" (RAD/'SE~CT ' 

1" “ »«;E14,7) 

140 F0RMAT(/'/5X^«MrsS'''MdM£Nf"0r'‘iNE_RTIA “AS'UUt TH£'"CHORD "( L B-S EC**2 ) ") 
145 FORMAT! //5X#"MASS MOMENTOF l'NERJIA~ AB'OUT" AN ’ AX IS PERPENDICULAR TO 
I THE CHORD THROUGH THE CENTER OF GRA VI TY ( L B'-SEC*^2 ) »' ) 

150 FORMAT! //5X.f "ENDING FREQUENCY !RAO/SEC) 
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1 ■ _ __ _ 

155 FaRHAT(//5X# ‘'INCREMENT IN THE MQOE'nOmBJR- 

I =»>I5) 

160 FDRMATt //5X,‘»THE NUMBER OF FREQUENCIES OETECTED WITH IN THE RANGE 

1 ARE ONLY =">I5) 

175 FQRMAT(//5X,"THE FOLLOWING ARE 'THE INTERPOLATED VALUES AT 101 EQUI 
lOISTANT STATIONS") 

180 FGRMAT{ //5X>"THE FOLLOWING COLUMNS" ARE 1 .FREQUENCY { RAD/ SEC ) 2.N0ND 
llfiENSiaNAL^. FREQUENCY 3. VALUE 0F“ THE _FREQUENCY ' DETERMINANT RESPECTI 
2VELY") 

185 FQRMATUOX^El^.'T^lSX, E14.7,15X;E14.7) 

190" FORMAT( /75X^"C0LLECTIVE PI TCri( 0|^SREE'5)_ ' ' 

*'l ■■ ■ ■ «",E14.7) 

195 F0RHAT(//_5X, "DISTANCE OF THE BLADEjFRaM THE ROOT (INCHES) 

1 ir__ 1 ="^E14.7) 

STOP ■" ' ■ 

END 
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opooooooo' 


SUBR0UTIN6„NATFRE(N) 


rfH I S S U Vr GUtTn E .. S C a N S~ T H R EQU ilTc^T^ DEt' E Ffl I N a NT*’ wIth re SP EC f" to 
THE FREQUENCY'.TILr THE SP£CIFiEb’jlVH.BE'R3f_-SIGN CHANGES ARE 

'‘detected s I a'r iIn g'''f'rq h zer'o'Tr e q'ue n Ty « 'ijs¥$~ ‘fun C T I ON 0 £ T 


DIMENSION FREQEii'aO) WKL<ld) _ 
CQH/10N/X1/FREQEN# Hi^H>H3>ITER^ IJK 

IJK = 0 ' .. _ 

lTRN-0 

_oo 5 _ ■' ^ 1_ 

5 _ JKL( J)=0 

_J>P*H1 _ _ _ _ * _ „ _ 

l_f’PP*PP 

1 fh.d6t(p) '_;■■■ I 

IF{ ABS{F).GTV6.0O'bi)GO TO I’o 
IJK»IJK+l__;;j' ■" ■ T__ 

JKL'( I JK ) =1 _ ' ~ ~ J __ 

_ FREQEN( fjK)=PP __ 

■ppapp + H 

M "P*PP*PP L.__ ' 1 1 -~1_ 

■ '■ ■‘f=det(pV1 ; 1. 

lb _F*SIGN(i.O>_F‘) 

15 “ PP-PP + H’ 1 _T" _1 Z' 

' I F { P P . G T. H 3 ) ' GO JOjlb' J’_ 

'Zp*pp*pp Z _ Z_ ~ 'Z _ __ 

G*DET{Pi Z_Z 

. *' '/■lF{ABS(G).Gf.O.b0'0r)6d'TO 20 

IJK=»IJK+1 

■ JKL(IJK) = 1 J Z_ 

'FREQENn JK r»PP Z 

'iFdJK.EO/NJGO to 30 ' ■ ‘ 

■>p,pp + H‘ ■■■_ Z 

■psPP^PP 

"F»0£T(P) ■ ■ _ - - - - - 

f»sign<i*o>fTZ_ ■ ■ __ 

“GO TO 15 ' ^ J ’~Z_ 

20 G = SIGN(1.0>GT _ ~ _ 

■■IF(F*G.GT.0^0>'GD‘ to 25 

• "IJK-IJK+I _*Z~~ 

FREQEN nJK)=PP-H ' " ‘ _Z 

IF(IJK.£Q.N)GO'TO 30 
25 F = G 

GO TO 15 
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30 ITRN-ITRN+1 

IF{ITRN.GT.ITeR)GO TO 55 
XFdJK.EQ.OJ GO TO 55 
H=H/10.0 
DQ 50 J*i, UK 
IF(JKUJ) .£0.1)60 'to 50 
PP»FReO£N(J) • 

P*PP*PP 

F»0ET(P) 

F»SIGNa.O^F) 

35 pp=pp+H 

pap?*P? 

G=OET{P) 

IF(ABS(G).GT. 0^1^0001)60 TO 40 
JKL( J)*l ^ 

FREQENC J)»PP 
■ GO TO 50 ■ 

40 ' ' G=«SIGN(1.0i6) 

IF(F + G,GT.0.0JG0“T0 45 " ' ■ 

FREQENt J)=PP-H__ 

Z_ 50“" 

45 _■ F = G 

GO TO 35 
50'" CONTINUE' 

GO TO 30 ■ 

55 00 60 J=1>UK 

IFUKLC J) .cQ.DGO TO 60 
PP»FR£QENU) 

P=PP4pp . 

F=D£T(P) 
ppnpp+H _ 

P»PP4=PP 

G=OET(P) 

OIFF»G-F 

FREQENI J) =PP-G*H/DIFF 
60 CONTINUE 

65 CONTINUE 

RETURN 
END 
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. SUBftOUriNc PLQT.tA/i^) 


C' ' 'THIs 'susVdUTINE PR I NTV’THe’ NATURAL^ FREQUENciis ANd’^HOOE SHAPES^ AND 

C .... . 

C PLOTS THE MODE SHAPES _ 

c --rr — -iz“-nrrT=z 

c 

REAL LINE 

DIMENSION A(5i),SLl51I/ LINEl'Si) 
C0MM0N/'X2/Jl>PP>FR£>H£RTZjSL^§LANK^bdT>STAR 
CQMMON/Xli/IND " ‘ 1 ' 

WRITE(6>10) 1 

WRITE (&>20") _ 

WRITE(6^30)J1# f're'^HERTZ^ PP 

WRIT£(6,2d) ' 

IF (N.EQ.DWRITE (6,40) 

I F < N . E Q . 2 ) W R‘i f E ( 6 , 5 6 ) 

IFCN.EQ.3) WRITE(6,60) 

j^RITEC6,70) 

■ IF(IND.EQ.O) 'GO'TO 75 

WRIT£(6,150) 1 

'return ‘ ' _____ 

75 ■ DO 80 J = l,6 - ----- _ _ 

80 _ WRITE (6, 90) ( J > i A ( J ) , S L ( j + 9)7 A < jjtl)^ S L U+18 ) , A ( J +18 ) > SL ( J+2 7) , A { 

" lJ+2 7),Sl ( J + 36 K'a{ J + 36 ),SL( J + 45)Ta ( J+^^) )_ 

WRITE (6, 90 ) (SLr7)',A( 7),SL( i6),A( 1^,SU25),A{ 25J,SL (34),A(34) ,SL{4 

13) , A (43)) i 

WRIT£{6,90> (3LT’8),A{8),SLC17),A(_17)_,S'U26),A( 26 3 ,SL(35),A(35),SL(4 

14) , A (44)) ’ 'T 

WRITE(6,90) (SL( 9),A{9),SL(18),A(18),SL(27),A(27),3L(36),A( 36),SLC4 

15) ,A(453) 

'WRITE (6, 20) 

WRITE(6,10) 

00 100 J = l,5i "2_ 

100 ■ LINE(JJ »OOT 

■j»25.0*(A(l) + l,b)_+1.5 

■ llNE(J)=STAR 

■■WRIT£(6,110) (■lINE(J),J=1,51) 

DO 120 J»l,51 
120 LIN6(J)=8LANK 
LINE(26)»0aT 
00 130 JJ*3,51,'2 
J»25.0*(A(JJ)+i ."0) + 1.5 
■‘LINECJj^STAR 

WRITE(6,140) (LINE(J), J»l,51) 

LINE ( J ) aSLANK 
130 LINE(26)»D0T 
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io 

20 


FGRHAT(lHl) 

F0RMAT(//2X> 

1 ♦ * =i» «! + =}t * * :}t :4c « ♦ :4t :>! * Sje ♦ * « * ^ ♦ 4= + # ♦ ♦ 5j« ♦ ♦ + * * :jt ♦ * 4= * * + =it !jt 4e * :{s #: :^ :J: :jc * * * :J: Js ^ )jt :j! * :(: ;{c :j! 

30 FORiiATC //5X#« MODE NUMBER ’ =«^ 12^ 8?/«FREQ . RAD/SfcC «‘S FIO , 4, 8 X^ «FRE 
IQ. HERTZ =»>F10.4/8X^ '» NON-DIMEN. FREQ. =»»^Fl'0.4) 

40 F0RHAT(//50X>»»FLAPWISE DEFLECTION/SEHICHORD'*) 

50 FORMAT( //50X, »»CH0RDWISE OEFL ECTI ON /S EM I CHORD'’ ) 

60 F0Rf1AT(//50X> ’’TORSIONAL DEFL EC tlON( RADI ANS ) ”) 

70 ' ■F0RMAT(6{4X>”STA X/L":r 4X, "DEFLN” ) ) 

90 FORHAK //l2(2X>F8.4n ’_1 

110 ■ FORMATC ////////^OX^SlAl) ‘ ‘ 

140 ■■FQRMAT(40X'^'51Ar) 

150 FCRMAT(//////5X>”THE MATRIX T O BE " INVERTED IN THE flQOt SHAPES COMP 
lUTATIONS is' S~INGULAR AND' HENCE COMFujAflONS ARE ' A8 ANDONDED” ) 

RETURN ' _ J " 

■ ■■ END ■ 
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SUBROUTINE INTPaL(A) 

C . 

c THIS subroutine' int’erpqlates THF^REoFiRTo 

C ^ 

c 

DIMENS IDN A(101)#STA(101);,TA8L EC 101,1 ) ,_BJ 101 ) 
COMMON /X3/STA>SPAN 

eOMMON/XT/NS ’ 

IN»0 ■ ' 

DO 5 J=l, NS .. 

5 IFCABSCACJ) J.LE.b.O) IN=IN+i 

IFCIN.NE.NSJ60 TO 15 __ 

00 10 J=l,101 

10 A{J}*0.0 

■return ' . 

15 A{101} = ACNS) _ _ ' _ 

NHl=NS-i 

_ 6d 20 I»1,NHX ■ ■ _ ' 

20 _ tABLE(I,l)*(A(r+i)-A(I))/(StA(I_+l)-SfA{l)J 

HaSPAN/lOO.O _ . - . _ 

_‘_XARG»H ■'■ _ _ T_.\l „ 

' ■ J. DO 35 I = 2,ioo‘ “2_ yZ ” /. 

00 25Jsl,NS „ 

' IFC J.EQ.NS.QR.x'aRG.LE.STA'c J) ) 60 T'6„3^ 

25 ■ 'continue ' ' ' - 

30 MAX“J 

IFCMAX.LE.2) MAX=2 _ „ _ ’ ' 

■’I'SUBs^MAX-l 

YEST*TA8L£CISUB,1}' 

8a)*YcST*<XARG-STA{ISU6)J+A(ISUB) 

35 XARG»XARG+H ^ 

00 40 J»2,100 

40 A(J)= 8(J) 

RETURN 

END ' . ‘ ■ 
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FUNCTION OST(P) 


C 

C 

C THIS FUNCTION CALCULATHS THE VALUE OF THE FREQUENCY DETERMINANT 

C 

C USES SUBROUTINE TRANAT 

C ---■ 

c 

OIHENSION TF(10/io‘}^AT6,6) 

CONMON/X-i/iaC 

CQHM0N/X6/TSR' ~ ‘ 

C0HNQN/X9 /TF 1 

CaMrtON/X12/D£TER‘ " ' 

CALL TRAMAt(P) 

DO 5 J=9,10 
DO 5 I=«l>5 

5 ■ A(I^ J-5)3TF(I+5^,Jr“’ ' '1' 

IF< 18C-Z)10/20# 30 
10 DO 15 1*1^5 

A(Ij l)=*TF{I+5/4) ■ ‘ 

A(I^2)=TF(I+5>5 )-TF(I+5^6)*fSR 
15 A{ 3)=TF( r+5,6 ) 

GOTO 40 

20 DO 25 Isl,5 

A(I> l)»TF(I+5/3 J 
A(Ij 2)-TF{I+5,5 )-TF{I+5#6)*fSR 
25 A(Ij3)»TF{I+5,7) 

GOTO 40 ■ ■_ 

30 00 35 I»l,5 

A<I,1)*TF( I+5,'5'VtF(I+5>6)+TSR 

A(I,2) «TF{I+5>7) 

35 Ad, 3) =»TF(I+5^8 ) 

40 CONTINUE 

CALL S0LUTN(A,1) 

0ET«DETER 

RETURN 

END 
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SUBROUTINE. TRAHAT(P). . 

C “ iNTEGRATfoOp" oirFE'RVNTIAl "EQirrrTaTis#^ Th¥ FUNCTION ’ RUNGE 

c ’ 7~...7 ..r.. 

DINE NS I ON Dl(101)> 02(101) >03 (101) ^04(101 05(101 D6{ 101)^ D7( 101)# 
108 (101) #09(101) ,010(101)#011(ioi),D12(loi)#\/l(10#10)#V{10)#T(iO)# 

2TT(51#iO#XO)/TF(10#10) _ 

C0HMQN/X5/01#D2#D3#04,D.5,6‘6#D7#.08#09#010j.D11>D12#N1#N2 

CGMM0N/X3/QMEGAN 

C0f1H0N/X9/TF , ... 

COMMDN/XIO/TT _ _ 

DO 10 J = l#l6. _ . 

00 5 1 = 1# 1^ _ . 

TT{1#I# J)sLb.()_ „ 

5 V1(I#J)»0.6 . . 

TTU#J# J)*1.0 ■ _ 

io vi(j,j)»i.o 

ri’O 

"6o 45 I=3VlO _ 7 ~ 

1 IF (I ,EQ.N1.0R.i .£Q._N2) GO to 4_1 

_ “ OQ 15 J»l,io' ‘ 

15 ■ '~‘V( J)=»V1(J# IF7 7. _ - 7 

' J = 1 

” ob 40 L=l,5 0 

20 ' ■ K=» RUNGE (V#tW#«J 

25 IF (K.NE,1)7G0 f0_3b _ 

FACT=P + aHEGAN"~"_ ' 

T(1)«V(3) „ 

T(2)»V(4) _ _ 

T(3)=0i(J)*V(7)+b2( J)*V(8) 

T(4) »D3(J)*V(7)+01( j )*V(8) 

T(5)=D4(J)*\/(6} ' ■ 

T(6)=-P*06(J)*y (1) + FACT=5=D7(J)+V(2}+08U)*V(3)-D9(J )*V(4)+D10(J)* 
1V(5)-P«011( J)*V(5) ' 

T< 7)=D12(J)*V(4) + V’{9)"‘-D9(J)*V(5) . 

^7T<3)»012(Jb'+VJ.3)+V'(lo')+b8( J)#|/(5) 

T(9)=FACT+05U)*VT2")-FACT*07(J)=i‘V{5) 
T(10)«P*D5(J)*V(1)+P*06(J)+V(5) _ _ 

"go TO 20 ■ ... 

30 DO 35 JJ»l#rb' „ 

35 TT(L + 1# JJ# r)=*V'('JJ) _ _ 

40 ■_ "CONTINUE 71 _ - - 

DO' 44 JJ»'i/TO ■' ■" , .1 

44 TF ( J J# I )»rT(5T#'jJ> I ) 

45 CONTINUE 
RETURN 
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end 
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FUNCTION RUNGE{Y;»F> H) 

_C _ 

C 

C FOURTH-ORDER RUNGE'-KUTTA METHOD 

C 

C 

DIMENSION r(10)^F(i0I>PHI{10)>SA" yEJl,i 0 Til 

H»M+1 ' 1__ " 

GO TQ{5>10>26j36/40j,ir " 

5 RUNGE»1 _ 

RETURN 1' 

10 ■ DO 15 Jj=l, 10 

SAVEY( JJ)=»Y( JJ) 

PHI ( JJ)*F< JJ) 

15 Y{ JJ )=SAVEY'{J J J+0.pl+FCJU)_ 

J«J + 1 _ 

"runge’I ■ " r__„ 

RETURN " "2’ ■' 

20' ■ DO 25 JJ=1,10 1 

““>HI( JJ)=PHI(JJJ+2".'0tF(Jj")‘ ^ ■■ ■ ■ ^ 

'25‘ Y( JJ)*SAVEY{JJ)'+d.01+F(JJ) ' ’ 

RUNGE = 1 _ _ _ ' ! I 

'"■return ■ 1' ' r 

30 DO 35 JJ-I/IO" _ 

' PHI { JJ)=PHI(JJ)+2‘.'0*F('JJ) ■ ^ 

35 ' Jf{ JJ)=SAVEY(/jjVp‘*0 2*F'{JJ) 

J“J + 1 _ 

■rUNG£»1 " ^7’IU I 

■■'RETURN ■ ; 

40' O-Q 45 Jj = l,10 ■ _ 

45 ■ Y{JJ }»SAVGY(j'j)+(PHI(jj ) + F{ JJ)T/30 'o'.o' ' 

M=0 

RJNGE=b 

RETURN 

END 
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SUBROUTINE SNAP ES C P# W> V/ PH U 


THIS SUBROUTINE 'CALCULATES THE MODE' SriAPES.USES THE SUBROUTINE 
TRAHAT 


OIHENSrON U{51>'^ V{51)> PHI(5I')>A (o/6)>TF( i6>10J>TT{51>10ilO‘}^X{'5') 
C0HMQN/X4/I BC 
C0HN0N/X6/TSR • ' ‘ 

CaNflQN/X9/TF 

COMMON/ XIO/TT ' II 

COMMON/Xii/IND J “J" 

C0MH0N/X13/X 

CALL TRAMATiP; _ I_ 1_1 

A(l,4)»TF''tl#9r ' 

AC l>5)=TFa#l6T 
A(l#6)»l,0 „ I “ _ 

do 10 i»2";5 -■_■■■ 

00 5 J='4,5 ’■ ■■■ ■“ 

5 "AC I>J)»TFTl + 4/j"+3r' ■ _■■ ■ 1,’IIL ' 

10 a(I/6)»6.o'"' " 

iF(IBC'-2) 15/2 5'/35'" 

15“' A{l,l)=TFCl/4) J'J 

AC l,2)“TFCi;5)-TSR’!'tF'{1^6) 

AC1> 3)=TFCl/8 J 

00 20 1 ^ 2,5 ' 1 „ 

ACI>1}»TFCI+'4;V) 

AC I,2)»TFCI+4j5 )-fSR'i'TFCI+4^6) 

20 A(I^3) = TFCI+4,8) 

GO TO 45 

25 ■■ AC1>1)»TFC1;»3) 

A(1>2}=TFC1^5)-TSR*TF{I^,6) . 

AC i# 3)= TFC'l^ 7) 

‘ 00 30 I»2,5 
A(I>l) = TF{,I+4>3) 

AC 2) =TFCI+4,5 )-TSR*TFCI + 4,6) 

30 ACI>3)iTFCI+4,7) ■' 

GO TO 45 

35. A(1^1) = TFC1>5)-TSR*TFC1#6) 

ACl^ 2)=TFCIW) 

AC1>3)«TFC1^8)‘ " ' _ 

DO 40 1=2/5 ■ ' 

" AC i, i)=TFa'+4,5')-Ts'R*tRI + 4,6T 

ACl‘>2)*TFCI+4,7) 

40 ACI^3)=TFCI+4j8) 

45 CALL S0LUTNCA,2) 
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IFdND.EQ*!) GO TO 130 

IF{I8C-2) 100,110>120 . 

100 DO 105 , 

W { J ) = X { 1 ) * T T ( J , 1 » 4 i tX ( 2 ) ♦ (J T(J»i>5}- fSR*'TT ( J^i/i..)> + X(3J4:TT(J^l,8) + 

1X(4)*TT( l,9) + X<5)*TT(J,i,10) . 

V( J )»X(1)>J'TT( J,?j4)+X(2)«{TT( J>2>5J-TSR+TT( J>2^ 6) )+X(3)4 cTT( Jj2,8) + 

1X(4)*TT(J>2>9)+X(5)*TT(J^2>10) 

105 PHK J)»X(1)*TT{ J^5/4)+X(2)*{TT(4^ L>5)-T$R*TT( J#5,6})+X{3)*TT(J>5,8 

1)+X{4)*TT(J>5>9)+X{5)*TT(J^ 5^ 10) 

RETURN _ 

110 00 115 J=l>51 

^(4)«X{1)*TT( Jji>3)+X<2')*(Tf{J^ijJ)-fSR*TT{ ) +X ( 3 ) =!“TT ( J > 1> 7) + 

iX(4)*rT(4^1j9)+X{5)«TT(J,l,10) „ _ . 

V(J)=X(1>*TT{J^2,3)+X(2)*(TT(J^2^5 >-T"SrVtT (4j2^6))+X(3) «TT ( J > 2^ 7 } + 

1X(4)*TT{J^2#9)+X(5)*TT(J^2, 

115 _ PHI(J)=»X{l)*fT{ J^5>3)-<-X(2)*(TT(J>5>5)-TSR*TTC j'^5^6) )-^X<3 )*TT(Jj5>7 

1) + X(4)«TT( J>5;»9)+X(5}*TT(J»5^ip) „ . 

RETURN _ 

120 _ 00 125 4*1/ 51_' ' 

'w{4)='X{i)*(TT(4/l/5)-TSR*fT(4/l/6) )+X{2)+TT{4/l/7)+X{3)*TT(4/l/8) + 
_iX(4)>^TT{4/l/9);^(5)*TT(4/l/ lOJ 

■ ' J' V(4)=X{l) + { TT{‘4>'2/'5)-TSR+TTU'/2/6) )+XC2)*tt(4/2/7) + X(3)*TT(4/2/8) + 
■ 1X(4)*TT( J/2/9 } + X('5)*TT( 4/2/ l6)_'2 ' 

125 ' PHI {4)»X(l)«(Tt(4/'5/5)-TSR*Tf(4_/5/6) )+X ( 2) *TT ( 4/ 5/ 7 ) +X ( 3 ) *TT( 4/ 5/S 
l)+X(4)=i‘TT{4/5/9)+X(5)*Tt(4/5/10)_ 

130 return' ‘ " ^ " 

'end " ' ^ ' 
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SUBROUTINE SOLUTN(A^NI) 

DIMENSION A(6,6)>X( 5), IROW{ JCQl'(5), JORO{53 

COHHQN/Xll/IND H.' 

COMMON/X12/OeTER 

CQMMQN/X13/X ' * ' 1 ' 

IN0»0 

N*5 ■ ■ 

MAX»N ' - - 

IF(NI.EQ.2) MAX»N+1 
DETER=1.0 

DO 80 K-1,N _ 

Kf11*K-l ■ " 

PIV0T=0.0 ' 

00 60 1=1^ N - - • - — ^ 

DO 60 JaiVN 
IF(K.EQ.1)G0 to 55‘ 

DO 50 ISCAN=irKMl 

DO 50 JSCAN = 1#k'M 1 
■ IFd.EQ.IRQv/aSCANJ ) GO TO 60 
IF{J.EQ.JCOL(JSCAN)) GO TO 60 
50 ' CONTINUE 

55 IF(A8S{A(i>J)).LE,_ABS(PIV0T) )_ GO TO 60 

pivaT»A(i, j) " ■ 

IROW(K)=I 

JCQL{K)=J 

60 CONTINUE ' ' ” 

IFCABStPIVOD.GT.O, 1£-“20)G0 TO 65~ 

DETcR’0,0 
£NO=Z ■ ' 

RETURN 

65 IROwK»IROW (K) 

JCOLK»JCOL (K) 

OETcR=>DtT£R«‘PlVOT 
00 70 Jsl^MAX 

70 A(IROwKW)»A(IRQUK; J)/PIVQT 

A(IR0WK>JC0LK)=1.0/ PIVOT 
00 80 I»liN 
AIJCK=A(I^ JCOLKJ 
IF{I.£Q.IROwK) GO TO 80 
A( d JCQLK) --AIJCK /PIVOT 
DO 75 J»1»MAX 

75 IF( J.NE. JCuLK) A ( I> J ) =A ( I> J ) -AIJ C K«A ( IRQWK, J ) 

80 CONTINUE 

bo 3 5 I = 1>N 

IROWl = IROW'(i )■'“ 
jcoLi’ jcoL ( n 
JORO{IROWl)=JCaLI 
IF(NI.EQ,1) GO TO 85 


95 



X( JCOLI )»A (IROWI^MAX) 

85 . . .CONTINUE 

_I.NJ.CH3 0 

- - . „NC1i“Nrl. 

DO 90 
IP1=I+1 
DO 90 J=IP1,N 

IF ( JORO ( J ) ,GE_. JORD( I ) ) GO TO- 90 

JTEMP»JORD ( J) __ 

JORD(J)»JORD(Tr'" ‘ 

■JORO(I)3JTEHP _ " 

INTCH«INTCH+1 
90 CONTINUE 

IF{INTCH/2J'2.NE.'INTCH)DETER=-6¥te'1 
IF (ABS( DETER) .GT.1.0£-30)GQ _T0 95 _ 
IND = 1 

95 RETURN 

END 
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FORTRAN PROGRAM II 
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C NATURAL VIBRATIGN CHAR ACTERISTICS^ COUPLED FLAPUISE 8 ENDING^ CHORD- 

WISE BENDING AND TORS IQNi S EE”S AW ROTOR^CQLLECTIVE»CYCLIC AND 
SCISSOR MOOES. USES FUNCTION DET AND SUBROUTINES INTPCL^PLOT^ 
NATFRE AND SHAPES 


DECLARATION AND COMMON STATEMENTS 


REAL MASS^KHS^KHIS^KMZS 

DIMENSION EtlOl }> EIK 101 J >EI2(101 )>6J C101)>KHS< lOD^RMlSdOlJ^ 
1KH2S <101 dHASS (101) j BET A (101) »D1( 101 ),D2{101), 03(101 J>D4(10X), 
2D5(101}#06(101)»07(101)^D8(101)jD9( 101), 010(101 )» Dll <1011 > 
3D12(101),STA(101),PHI<51>,W(51),V(51),5L (5 1) , PREQEN (10 ) 
C£jHhON/Xl/fREOEN,Hl,H2,H3, ITER, UK 
C0Hf10N/X2/Jl,PP,FRB,HERTZ,SL, BLANK, DOT, STAR 
COHMON/X3/STA,SPAN 
COMMQN/X4/I8C 

C 0MH0N/X5 / Dl, 02, D3, 04,05,06, 07, 08, 09, DIO, Oil, 012 

C0MH0N/X6/TSR 

CQHHaN/X7/NS 

C0MM0N/X8/PHASS,CLP,SLP,CBETA,SBETA,CTBETA,N1,N2, JSAVE 

COMMON/XliyiNO 

COMMON/XiZ/OMEGAN 


THIS SECTION READS THE DATA OF THE SYSTEM 


REA0<5,5) IBC,ISTAGE,NS 

RE AO (5, 10) SPAN, OH EGA, 8, TSR , PMASS, CLP, S L P, RP I TCH, DEB 
READ (5, 10) (STA( J) , J = 1,NS), (HASS ( J ) , J = 1, NS ) , ( El 1 ( J ) , J *1,NS ) , ( £ 12 ( J ) 
1, J*1,NS), (GJ { J ), J»1,NS) , ( E( J ), J«1,NS), (BtTA< J I, J»1,NS) , (KHIS < J ) , J« 
21,NS),(Krt2S( J),J*1,NS) 

R£A0(5, 10) Hl,H2,H3 

IF (ISTAGE.EO.2) read (5, 15 ) NF, I TER, BLANK, ODT, STAR, INC 


THIS SECTION PRINTS THE DATA OF THE SYSTEM 


WRITE(6,20) 

WRITE(6,25) 

IF{1BC.EQ.1)WRITE{6,30) 


' 1 / 

‘T’At® laTENTIOtMtty S4U({ 
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IF{IBC.EQ.2)WRITE(6»35) 

IF Cl 8C.EQ«3) WRITE (6^40) 
IFCI5TAGE.EQ.2JWRITEC 6^ 45)NF 
WRITE(6,135)HI 
WRITE(6i50)H2 
WRITE(6>150)H3 

IFCISTAGE.EQ.2) WRITE C6> 155) INC 
WRITE(6,55)SPAN 
WRITE16>60)0HEGA 
WRITE(6,65)B 
WRIT£C6>70)TSR 
WRITE<6,190J RPITCH 
WRIT£C6,195)DEB 
IF (PMASS.LE.O.O)GOTa 200 
WRITE(6,75»PHASS 
WRITE(6>80)CLP 
WRITE(6>85)SLP 
200 WRITE(6,90)NS 
WRITE(6,95) 

WRITE (6^100) (STA(J)>J*1^NS) 
WRIT£(6>105) 

WRITE (6>100HHASStJl#J=»l#NS) 
WRITE(6>110) 

WRITEC6,100) (EIICJ ) W»1>NS) 
WRITEC6#115) 

WRITE (6, 100) (EI2C J)^ NS) 
WRITEC6, 120) 

WRIT£(6#100) (GJ(J) W«l^ NS) 
WRITE(6^ 125) 

WRITEC‘6#100) CE( J)> J*1^NS) 
WRITEC6>130) 

WRITEC6/100) (BETAC J), J»1^NS> 
WRIT£C6>140) 

WRITE {6, 100) CKHISCJ)# J-1>NS) 
WRITEC6>145) 

WRITE(6>100) CKH2SC J), J*1>NS) 
WRITE(6,25) 


THIS SECTION CALCULATES THE SYSTEM PROPERTIES AT THE REQUIRED 
STATIONS BY INTERPOLATION AND PRINTS THE INTERPOLATED VALUES 


CALL IHTPOLCMASS) 
CALL INTPOL(EIl) 
CALL INTP0LCEI2) 
CALL INTPOL(GJ) 
CALL INTPOLCE) 
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CALL INTPOL(BETA> 

CALL INTPQKKMIS) 

CALL INTPQL(KM2S) 

WRITE{6>20) 

WRITE{6>25) 

HRITE{6/175) 

WRITE(6,25) 

KRITE(6>105) 

WRITE{6>100) (HASS< J 

WRITE{6,110) 

WRITE(6^ 100) (EIK J) 

WRIT£{6,115) 

WRITEt6# 100) (EI2( J ) 

WRITE(6^120) 

WRITE{6/100)(GJ{J), 

WRITE(6>125) 

WRITE(6,100) {ECJ)^ J 

WRITE{6>130) 

WRITE(6,i00) { BETA( J 

WRITE{6>140) 

WRITE(6>iOO) (KM1S( J 

WRITE(6,1A5) 

WRITE(6,100) (KM2S( J 

WRITE{6,25) 


),J»1>101) 
>d»i> 101 ) 

^ J»l,101) 

J»l#101) 

» 1 ^ 101 ) 

)> J»l>101) 
), J=1j101) 
J»l^ 101) 


THIS SECTION NON-D IMENS IQNALI ZES THE DATA AND COMPUTES 
COEFFICIENTS OF THE FIRST-QROER DIFFERENTIAL EQUATIONS 
NOT DEPENDENT ON THE FREQUENCIES 


THE 

WHICH ARE 


DO 205 J»1^101 

KKlSt J) *KM1S(J)/MASS(J) 

KH2S Id )»KM2S (J )/MASSU)+EU)«E(J) 

205 KMS( J)*Kf1iS( J)+KM2S{ J) 

NZTS»OEB/SPAN 

NZ=NZrS+l 

DO 206 I»NZ>101 

206 BETA(I)»B£TAm+RPITCH 
PI»4.04‘ATAN{1«0) 

0HEGA=0MEGA*PI/30.0 

omegas«ohega*omega 

SPANS»SPAN*SPAN 

BS-B+B 

TSR = TSR*SPANS*SPAN/{ Ell ( 1)+BS ) 
FACT»SQRT(MASS (1) *SPANS*SPANS/EI1 { 1 ) ) 
0MEGAN=-FACT*FACT*0MEGAS 
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IF(PMASS.LE.O.O) SLP»SPAN 
PMASS«PHASS/{SPAN=J'MASS (1)*386.4) 

CLP=CIP/B 

SIP-SLP/SPAN 

Fl-BS/SPANS 

Nl»50.0*SLP+0.5 

N2-N1+1 

JSAVe-2*Nl+l 

H4»PHASS*SLP 

SBE»8ETA( J5AVE) 

CB£TA«CQS(SBE) 

SBETA»SIN(SBE) 

CTBETA»CBETA*C8ETA-S8ETA+SBETA 
OQ 210 

210 D5( J)»HASS(J)/MASS(1) 

X»0,0 

H5«0. 01/24.0 
DO 215 J»l,101 
02( J)»05( J}*H5*X 
215 X»X+0,01 

D12(101)»0.0 

012{100)*9.0*02(101)+19.0+D2(100)-5.0*02< 99) +02(98) 

DO 220 JJ»2^99 

J*101-JJ 

220 D12(J)»012(J+l)-D2{J+2) +13,0+(D2{ J+1)+02(J) )-D2( J«l) 

D12(l)»012(2)+D2(4)-5.0*02(3)+19.0*D2(2)+9.0’>=D2{l) 

DO 225 J=1,JSAVE 
225 D12,U)»D12(J)+H4 

XaO.O 

DO 230 J=1^101 
BeTAU)aPI+BETA{J) /180.0 
C*COS(BETA(J)) 

S=SIN(8ETA(J) ) 

CS“C*C 

SS»S*S 

A11=EI1( J)+CS+EI2( J)+SS 
A12»(EI2( J)-EI1{J))*C*S 
A22«EI1(J )4SS+EI2(J)*CS 
D'A11*A22-A12*A12 
Dl( J)»-EIl(l)*A12/0 
02(J )-£Il{l)*A22/D 
D3( J)aEIl(l)*All/D 
D4(J)»EI1(1)*F1/GJ(J) 

D6{J)»D5( J)=^E(J)/9 
D7(J)=D6{ J)*S 
D6( J)=D6{ J)+C 
08{J)»06{ J)*X*OHEGAN 
D9(J)=07( J)*X+OHeGAH 

010{J)»OHEGAN*05( J)+(KM2$( J)-KH1S{ J))+(CS-SS)/BS 
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DIKJ )»D5( J)*KHS( J )/8S 
012( J)=012(J)*0«6GAM 
230 X»X+0.01 

H1»H1*FACT 

H2*H2+FACT 

H3«H3*FACT 

IF<ISTAGE.6Q.2) GO TO 2A0 
C 

C 

C THIS SECTION CALCULATES THE FREQUENCY DETERMINANTS OF THE SYSTEM 

C 

C 

WRITE(6,20) 

WRITE{6#25) 

WRITE<6,180) 

WRITE(6>25) 

235 

IF{hl.GT.H3) GO TO 265 

FR»H1/FACT 

FaDET(P) 

WRITE(6,185)FR,H1^F 

H1»H1+H2 

GOTO 235 

c- • 

C 1 

C THIS SECTION CALCULATES THE NATURAL FREQUENCIES AND THE ASSOCIATED 

C 

C MODAL FUNCTIONS OF THE SYSTEM. MODAL FUNCTIONS ARE NORMALIZED WITH 

C 

C RESPECT TO THE MAXIMUM DEFLECTION OF THE PREDOMINANT MODE 

C 

C 

240 CALL NATFRE(NF) 

SL(1)=«0.0 
DO 245 J=l>50 

245 SL(J+l)=SL(>n+0.02 
IF(IJK.EQ.O) GO TO 261 
DO 260 J»1>IJK 
J1»^+INC 
PP = FREQEN< J) 

P»PP*PP 

1F( ( Jl+IBC).E0.2.ANO.QHeGA.LE.O.O> GO TO 246 
CALL SHAPESTP^W, V^OHI ) 

GO TO 248 

246 DO 247 
Vm-SLd) 

y(i)=o.o 

247 PHI{I)»0.0 
GO TO 256 
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248 IF(IND.EQ.l) GO TO 256 
AMAX*W(1) 

DO 250 I»l,51 

IF(ABS{AMAX).LT.A8S{W(I) ) )A«AX-W(I) 

IF(ABS(AMAX),LT.ABS{V(I> ) )AHAX=VCI) 

250 IF(ABS{AMAX).LT,ABS{PHI(I) ) )AHAX#PHI(I) 

DO 255 I=l>51 
W<I )«W{I)/AHAX 
V(I)»V(I)/AMAX 

255 PHI(I)«PHI(I)/AHAX 

256 CONTINUE 
FRE-PP/FACT 
HERT2»FRE/(2.0+PI> 

CALL PLOT(W^l) 

CALL PL0T(V>2) 

CALL PL0T(PHI,3) 

260 CONTINUE 

261 IF(IJK.LT.NF) WRITS(6,160) UK 

265 IFdSTAGE.EO.l) WRITE(6,25) 

C 

C FORMATS 

C 

5 FQRHATdl^Il# 13) 

10 FGRHAT(5E14.7) 

15 FQR«ATd2>Il>3Al,l2) 

20 FDRHATdHl) 

25 poRHAT (//2X# "**+************♦*♦*♦**************’*'***♦'*'***+********* 

2 ^ ^ ^ # A ^ ^ ^ ^ ^ 4> 4c 4c ^ 4c * ^ ^ ^ ^ ^ ^ * 3t> % ^ 4c % 

24'*4'4t4<« ) 

30 FORHAd //35X>«NATURE OF THE HQOES”^ 19X> "COLLECT! VE NODES") 

35 FGRMAT{//35X#»»NATURE OF THE NODES'*# 19X> »C YCL IC NODES") 

40 FORMAT! //35X#"NATURE OF THE M0DES”#19X# "SCISSOR MOOES") 

45 FaRHAT(//5X#"NUN8ER OF FREQUENCIES REQUIRED 

1 ="#I5) 

50 FORMAT! //5X>»FREQUENCY INCREMENT! RAD/SEC ) 

1 »">E14.7) 

55 FQRMAT!//5X#"LENGTH OF THE BLADE (INCHES) 

1 »"#E14.7) 

60 F0RMAT(//5X#»R0TATI0NAL VELOCITY OF THE BLADE (RPM) 

1 »”»E14.7) 

65 F0RHAT(//5X#"SEHI-CH0RD OF THE BLADE (INCHES) 

1 »">E14.7) 

70 F0RHAT(//5X#«CDNTR0L SYSTEM SPRING RATE !IN-LB/R,A0) 

1 -">E14.7) 

75 F0RMAT(//5X>”WEIGHT OF THE SENSOR !L6) 

1 *"#E14*7) 

80 FORMAT ( //5X#”CH0RDWISE LOCATION OF THE SENSOR (INCHES) 
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1 »'»,E14*7) 

FQRMAT{//5X»»’SPANWISE LOCATION OF THE SENSOR (INCHES) 

1 »»>E14.7) 

90 FQRHAT(//5X>«NUHBER OF DATA POINTS 

1 ' «»,I5) ' 

95 FQRMATC// 5X^"STATT0N LOCATIONS (INCHES)") 

100 FQRHAT{//7(AX,E14.7) ) 

105 F0R«AT(//5X#"MASS PER UNIT LENGTH ( LB-SEC**2/IN**2 )» ) 

lie F0RMAT(//5X>"FLAPWISE BENDING STIFFNESS (LB-IN>i‘+2)" ) 

115 FORHAT(//5X>'*CHOROWISe BENDING STIFFNESS ( LB-IN*=!‘2 ) » ) 

120 F0RHAT(//5X>»T0RSI0NAL STIFFNESS (LB-IN**2)") 

125 F0RHAT{//5X, "DISTANCE BETWEEN HASS AND ELASTIC AX IS ( INCHES )" ) 

130 F0RHAT{//5X#»TWIST OF THE BLADE NOT INCLUDING THE COLLECTIVE PITCH 
KDEGREES)") 

135 FGRHAT(//5X^ "STARTING FREQUENCY (RAD/SEC) 

1 »«^E1A.7) 

1^0 F0RMAT(//5X,«HASS HOHENT OF INERTIA ABDUt THE CHORD (LB-SEC++2) " ) 

1^5 F0RMAT(//5X^ "MASS MOMENT OF INERTIA ABOUT AN AXIS PERPENDICULAR TO 

ITHE CHORD THROUGH THE CENTER OF GRAVITY ( LB-S EC++2 ) " ) 

150 F0RHAT(//5X#"BN0IN6 FREQUENCY (RAO/SEC) 

1 -’’7E14.7) 

155 FQRHAT(//5X^"INCREHENT IN THE MODE HUMBER 

1 -"^IS) 

160 F0RHAT(//5X>"THE NUMBER OF FREQUENCIES DETECTED WITH IN THE RANGE 
1 ARE ONLY »'*,I5) 

175 F0RHAT(//5X"THE FOLLOWING ARE THE INTERPOLATED VALUES AT 101 EQUID 
IISTANT STATIONS") 

180 FQRMAT(//5X>"THE FOLLOWING COLUMNS ARE 1 . FREQUENC Y ( RAD /SEC ) 2.N0ND 
ilMENSIONAL FREQUENCY 3. VALUE OF THE FREQUENCY DETERMINANT RESPECTI 
2VELY") 

185 FDRHATU0X,E14.7,15X,E14.7,15X,E14,7) 

190 FQRHAT(//5X» "COLLECTIVE PITCH( DEGREES) 

1 «">E14.7) 

195 F0RHAT(//5X, "DISTANCE OF THE BLADE FROM THE ROOT (INCHES) 

1 »'SE14.7) 

STOP 

END 
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SUBROUTINE NATFRE(N) 

C 

C THIS SUBROUTINE SCANS THE FREQUENCY DETERHINANT WITH RESPECT TO 

C 

C THE FREQUENCY TILL THE SPECIFIED NUMBER OF SIGN CHANGES ARE 

C 

C DETECTED STARTING FROM ZERO FREQUENCY. USES FUNCTION DET 

C 

DIMENSION FREOEN(IO), JKL(IO) 

COMMON / XI /FR£QEM>Hl>H^H3> rTER» UK 
IJK*0 
ITRN»0 
DC 5 J»1^N 
5 JKL(J)»0 

PP*H1 
p.pp+pp 

F-DET(P) 

IFIABSIF) .GT.O.OOODGQ TO 10 

UK = IJK+1 

JKL(UK)«i 

FR6QEN(IJK)»PP 

.PP»PP + H 

P»PP*PP 

F»DET(P) 

10 F=SIGN( 1.0>F) 

15 PP»PP+H 

IF{PP.GT,H3) GO TO 30 

P-PP+PP 

G*OET( P) 

IF(ABS(Gi .GT.O.OOODGD TO 20 

UK = UK + 1 

JKL{IJK)-1 

FREQEN(UK)»PP 

IF(UK.EQ.N)GO TO 30 

PP=PP+H 

p»pp*pp 

F*D£T(PJ 

F»5IGN(1.0/F) 

GO .TO 15 

20 G»SI6N(1.0^G ) 

IF<F+G.GT. 0.0)60 TO 25 
UK-UK + 1 
FREQEN(UK)»PP-H 
IF { UK.EQ,N)GO TO 30 
25 F*G 

GO TO 15 
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30 ITRN=ITRN+1 

IF(ITRN.GT.ITeR)GO TO 55 
IFdJK.EQ.O) GO TO 65 
H«H/10.0 
DO 50 J»1>IJK 
IF(JKUO} .EQ.DGO TO 50 
PP*FREQEN( J) 

P»PP*PP 
F*DET( P) 

F*S1GN{1,0^F) 

35 PP-PP+H 

P=PP*PP 
G»DET(P) 

IF(ABS (6) .GT.O.OOODGO TO 40 
JKL( J)»l 
FREQEN< J) = P'» 

GO TO 50 

40 G»SIGN(1.0/G) 

IF(F*G.GT.O.O»GQ TO 45 
FREQEN(J)»PP-H 
GO TO 50 
45 F=G 

GO TO 35 
50 CONTINUE 

GO TO 30 
55 DO 60 

IF{OKL(J) .EO.DGQ TO 60 
PP*FR£QEN{ J) 

P=PP+PP 

F*DET(P) 

PP=PP+H 

P»PP*PP 

G=OET(P) 

DIFF=G-F 

FR£CEN( J) »PP-6=i'H/DIFF 
60 CONTINUE 

65 CONTINUE 

RETURN 
END 
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SUBROUTINE PLOT(A>N) 


C 

C 

C THIS SUBROUTINE PRINTS THE NATURAL FREQUENCIES AND MODE SHAPES AND 
C 

C PLOTS THE MODE SHAPES 

C 

REAL LINE 

DIMENSION A<51),SL(51),LINE(51) 

COMHQN/XZ/Jl^ PP>FRE^ HERTZES L j BLANK, DOT^STAR 

COHHON/Xll/IND 

WRIT£(6,10) 

WRITE{6,20) 

WRITE(6,30)J1,FRE,HERTZ,PP 
WRITE(6>20J 
IF{N.EQ.1)WRITE{6, AO) 

IF(N.£Q.2)WRrTE{6,50J 

IF{N.EQ.3)WRITE(6,60) 

WRITE(6,70) 

IF(INO.EQ.O) GO TO 75 
WRI.TE(6,i50) 

RETURN 

75 DO 80 J»i,6 

80 WRITE(6,90)(SL ( J ) , 4 ( J ) , SL ( J+9 ) , A { J>9 ) , SL ( J+18 )> A ( J+18 }, SL ( J+27) >A ( 
1J+27),SL( J+36),A{ J+36),SL(J+45)>A{ J+45) ) 
WRITE(6,90HSL(7),A(7),SL(16), A<16>,SL(25),A{25)>SL(34),A(34),SL{4 

13) ,A(43) ) 

WRITE(6,90)(SL (8), A(8),SL(17),A(17),5L{26},A(26),5L (35),A{35),SL (4 

14) , A (44) ) 

WRIT£{6,90)(SL(9>,A{9),SL{18),A{18»,SL(27),A(27),SL{36),A(36),SL(4 

15) ,A(45)} 

WRITE{6,20) 

WRIT£(6,10) 

DO 100 J»X,51 

100 LINEU)=DaT 

J»25.0+{A(1)+1.0)+1.5 

LINE(J)»STAR 

WRITE(6,110) (LINE (J),J= 1,51) 

DO 120 J»i,51 
120 LINE ( J )»BLANK 
LINE(26)»00T 
DO 130 JJ*3,5l,2 
J»25,0=i'tAt JJ)+1.0J+1.5 
LINE ( J)«STAR 

URITE<6,140) {LINE 1,51) 

LINE( J)*BLANK 
130 LINE{26)»00T 
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10 FDRMATaHl) 

20 FORMAT ( / / 2X> 

1 ^ >Jt ♦ ♦ 4= =!' 4< * * ** ♦ * ^« ♦ * * ♦/{f * * + ♦ !jt * ♦ * :i! 3|t ^ 3j! :j! ^ )jt 4s aj: :{e * 4t * sje !je + 4t !}t =Jt * ;je :4t 4e + 

24'*4s«4'*H ) 

30 F0RMAT(//5X>’' MOOF NUMBER ='M Z^ 8X^ »'FR EQ . RAD/SEC »”> F 10 . 8X, «’FRE 

IQ. HERTZ *»»F10.A,8X,»« NON-DIHSN. FREQ. »«»>-F10.4) 

40 F0RHAT(//50X^'*FLAPWISE -OEFLECTIDN/SEMICHORD**) 

50 FORMAT(//50X#»»CHDROWISE DEFLECTION/S EMICHDRO*’ ) 

60 FGRHAT{ //55X/»T0RSIDNAL DEFLECTION^) 

70 F0RMAT(6{4X^*»STA X/L”i4Xj "OEFLN«) ) 

90 FDRHAT(//1Z(ZX^F8.4) ) 

110 FGRHAT{////////40X>51A1 ) 

140 FGR«AT(40X,51A1) 

150 FQRMAT(//////5X>»'THE MATRIX TO BE IN^/ERTED IN THE MODE SHAPES COMP 

lUTATIONS IS singular AND HENCE COMPUTATIONS ARE AB ANDONDEO** ) 

RETURN 

END 
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SUBROUTINE INTPOL fA ) 


C 

C 

C THIS SUBROUTINE INTERPOLATES THE REQUIRED VALUES. 

C 

DIMENSION A( 101 )>STA( 101), TABLE (101, 1)^8 (101) 

COMMON /X3/STA,SPAN 

CCMMON/XT/NS 

IN*0 

DO 5 J»1,NS 

5 IF(A8S(A( J)) .LE.0.0) IN»IN+1 

IFaN.NE.NS)GO TO 15 
DO 10 J-l,i01 
10 A(J)«0..0 

RETURN 

15 A(101)»A(NS) 

NH1»NS-1 
DO 20 I-1,NH1 

20 TABLE (1,1) »(A(I+1)-A(I) ) / ( STA ( I+l )-STA ( I )) 

H=SPAN/iOO.O 
XARG-H 

DO 35 1*2,100 
DC 25J*1,NS 

IF{J.EQ,NS.OR.XARG.LE.STA(J)) GO TO 30 
25 CONTINUE 

30 MAXaJ 

IF(HAX.LE.2) HAX«2 
ISUB = HAX-1 - 
YEST»TABL£aSUB,l) 

B(I)»YEST=«'(XARG-STA(ISUB) )+A(I5UB ) 

35 XARG=XARG+H 

DC 40 J»2,100 
40 A(J)- 8(J) 

RETURN 

END 
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function DfcT(P) 


C 

C 

C THIS FUNCTION CALCULATES THE VALUE OF THE FREQUENCY DETERMINANT 

C 

C USES SUBROUTINE TRAMAT 

C — • ^ 

c 

DIMENSION TFdO# 10),A(5,5),IR0W(5), JC0L{5)# JOROtS) 

C0MHGN/X4/IBC 
C0MH0N/X6/TSR 
COHMON/X9 /TF 
CALL TRAMAT(P) 

DO b J=9/i0 
DO 5 I-l#5 

5 A<I, J-5)=TF(I+5, J) 

IFUBC-2)10,20#30 
10 DO 15 I»l,5 

A{I,l)»TF(I+5^ A) 

A{I,2J=TF(I+5,5)-TF(I+5>6)*TSR 
15 A(I,3)»TF( 1+5,8) 

GOTO AO 

20 DO 25 1=1,5 

A(I,l)=TF(I+5,3) 

A(I,2)»TF( I+5,5)-TF(I+5,6)+TSR 
25 A(I,3)»TF(I+5,7) 

GOTO AO 

30 DO 35 1=1,5 

A( 1,1) »TF{ 1 + 5,5) -TF( 1+5,6 ) + TS-R 
A{I,2)=TF(I+5,7) 

35 ACI,3)=TF(I+5,8) 

AO CONTINUE 

N = 5 

D£T=1.0 - 

DO 80 K=1,N 
KM1=K~1 
P1VOT=0.0 
DO 60 1=1, N 
DO 60 J=1,N 
IF{K.£Q.i) GO TO 55 
00 50 ISCAN»1,KM1 
00 50 JSCAN=1,KM1 
IFU.EO.IRQWdSCAN) ) GO TO 60 
IF(J.EQ.JCOL(JSCAN) ) GO TO 60 
50 CONTINUE 

55 IF (ABS (A( I,J )) .LE.ABS (PIVOT) ) GO TO 60 
PIVQT=A( I, J) 

IRGV;(K)»I 
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JC0UK)»J 
60 CONTINUE 

IF(ABS(PIVOT) .GT.O.lE-20) GO TO 65 

OET»0.0 

RETURN 

65 IROHK»IROW(K) 

JCCLK’JCOl (K) 

D6T»OET*PIVOT 
DO 70 J«1,N 

70 A(IROWK,J)»A(IROUK#J)/PrVGT 

A(IROWK>JCOLK)«X.O/PIVOT 
00 80 I«1^N 
AIJCK»A(I^ JCQIK) 

IF(I»£Q.IROWK) 60 TO 80 
A( I^JCOLK) »-AUCK/ PIVOT 
DO 75 J»1>N 

75 IF< J.NE.JCOLK) A ( J ) »A { I> J J-AI JCK^A {IROWK, J) 

80 CONTINUE 

DO 85 I»i>N 
IR0WI»IR0W(I) 

JCOLI»JCOL(I) 

85 JGRD{IR0WI)*JCDLI 

INTCH»0 
NMa=N-l 
DO 90 I«1,NN1 
IP1»I+1 
00 90 J*IP1,N 

IF( JQRO( J> .GE. JORO (I ) ) GO TO 90 
JTEfiP-JQRDtJ ) 

JORD(J)»JORDfI ) 

JORO(I)«JTEHP 
INTCH-INTCH+1 
90 CONTINUE 

IF(INTCH/2*2.NE.INTCH)0ET»-DET 

RETURN 

END 
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n r> o r> o 


subroutine TRANAT(P) 


THIS SUBROUTINE COMPUTES THE TRASHISSIQN MATRIX THROUGH THE SYSTEM 
USES THE SUBROUTINES INTG AND MATHUL 
C 

DIMENSION TF{10,10),TT{51>10,10)>PT{ 10,10 A (10» 10), B( 10^10 );»C{iQ> 
IIC) 

C0MM0N/X8/PHASS,CLP, SL P , CB ETA, SB ETA, CTB ETA, Nl, N2, J S A VE 
CCHM0N/X9 /TF 
COMHQN/XIO/TT 
CDHH0N/X12/GMEGAN 
00 10 1 * 1,10 
DO 5 J = 1,1Q 
TT(1,I, J)»0.0 
5 PTa,J)»0.0 

TT<i^I,I)=1.0 
10 PT<I,I)»1.0 

PT (6,1 )*-P*t>HASS*CLP*C3ETA 
PT(10,1)=P*PMASS 

PT( 6,2) a( P+OMEGAN)*PMASS+CLP*SBETA 

PT{9,2)»(P+0MEGAN)+PHASS 

PT(6,5)=(-P+0HEGAN+CTBETA)*PHASS*CLP*CLP 

PT( 7, 5) a-QMEGAN*PHASS*C LP*SLP 

PT18,5)»-PT(7,5)’^CBETA 

PT(7,5)=PT(7,5)+S8ETA 

PT(9,5)»-PT{6,2) 

PT(10,5)»-PT(6,1) • 

IK*Hl 

CALI iNTGCPfi, IK,1) 

IF(H1,GE.50) GO TO 15 

IJ*N2 

IL=JSAVE 

CALL INTG(P,IJ,50,IL) 

15 DO 20 1=1,10 

00 20 J»l,10 
20 Ad, J)»TT(N2,I,J) 

CALL MATHUL(PT,A,8) 

N»N2+1 

IF(N.GT.51) GO TO 40 
DO 35 I»N,51 
DC 25 J*l,10 
00 25 K»l,10 
25 A(J,K)*TTd,J,K J 

CALL MATMUL(A,B,C ) 

DO 30 J-1,10 
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DO 30 K«l,i6 
30 TT( I# J,K)»C( J>K) 

35 CONTINUE 

GO TO 50 

^0 DO 45 1=1,10 

DO 45 J»l,10 
^5 TT(51,I,J)=8(I,J) 

5C DO 55 I«l,10 

DO 55 J»l,10 

55 TF(I, J)=TT(51,I,J) 

RETURN 
END 
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subroutine TNTG(P»NI>NJ,NK) 


c 

C INTEGRATION OF DIFFERENTIAL EQUATIONS, US ES THE FUNCTION RUN6E 

C 

c 

DIMENSION D1{101>,D2{101),D3{101),D4{101),05(101),D6{101>,07{ 101), 
108<101),09{101),D10a01 ),Dll(101),DlE(i01),Vl{10,10),V(10),T(10), 
2TT{51,10,10) 

C0MMDN/X5 / Dl, 02, 0 3, 0 A, 0 5, D6, 07,08,09,010, Dll, 012 
CQHM0N/X12/0HEGAN 
COMMON/XIO/TT 
DO 10 J-1,10 
DO 5 I»l,10 

5 V1(I,J)»0.0 

10 V1(J,J)»1.0 

M»0‘ 

DO A5 1 = 1,10 
DO 15 J=l,10 
15 V(J)»V1(J,I) 

J»NK 

DO 40 L=NI,NJ 
20 K=RUNG£( V,T,J,M) 

25 IFtK.NE.ll GO TO 30 

FACT«P+OHEGAN 
T{1)»V(3} 

T<2)-V£4) 

T(3)=Dl(J)*V(7)+02(J)=i'V(a) 

T(4}=D3( JJ*V(.7)+D1(J)*V(8) 

T(5)*04{J )*V(6) 

T(6)»“P*D6(J)*vn)+FACT=i‘D7( J)*V{2)+D8{ J)+V(3)-D9{J)*V(4)+D10{ J)* 
lV(5)-P+Dli(J)+Vt5) 

T(7)*012( J )*V(4 ) +V(9)-*09( J)*V(5 ) 

T(8)=D12( J J + VC3)+V(10) + D8( J )=f=V(5) 

T(9)=FACT=«‘D5( J)+V(2)-FACT*D7( J) +V(5) 
T(10)=P*05{J)*V(1)+P*06(J>*V{5) 

GO TO 20 

30. DO 35 JJ»1,10 

35 TT(L+1, JJ,I)=VUJ) 

40 CONTINUE 

45 CONTINUE 

RETURN 
END 
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function RUNGE(Y>=> J>M) 


c 

c 

c 

c 

c 


5 

10 


15 


20 

25 


30 

35 


40 

45 


F0URTH-QR06R RUNGE-KUTTA METHOD 


DIMENSION y(10)#F{10)^ PHiao^>SAVEY(10) 
M = H+1 

GO T0(5^1O,20>30^40)>M 

RUNGE*i 

RETURN 

DO 15 JJ»1>X0 
SAVEYl JJ)«Y{ JJ) 

PHK JJ) = F( JJ) 

Y( JJ J»SAVEY( J J)+0,01*F{ JJ) 

J = J+1 

RUNGE»1 

RETURN 

DO 25 JJ»1,10 

PHK JJ)=PHI( JJ)+2.0*F(JJ) 

Y( JJ)«SAVEY{JJ)+0.01*F( JJJ 

RUNGE-i 

RETURN 

DO 35 JJ=1>10 

Phi ( JJ)+2.0*F( J J > 

Y( JJ )»SAV£YCJJ)+0.02*F( JJ) 

J*J+1 
RUNGE»1 
RETURN 
DO 45 

Y( JJ)=SAV£YC JJ)+<RHI(JJ)+F( JJ) ) /300.0 
H«0 

RUNGE-0 

RETURN 

END 



o o o o o 


SUBROUTINE HATHUL ( A , B> C ) 


MATRIX MULTIPLICATION 


DIMENSION A(10,10),B{10,10),C(10>10) 
DO 5 I»l,10 
DO 5 

C(I^ J}»0.0 
DO 5 K»l>10 

5 C(I/J)»C(I,J )+A{I,K)*B(K,J) 

RETURN 

END 
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SUBROUTINE SHAPES f P# W# V#.PHI ) 


C 

C 

C This SUBROUTINE CALCULATES THE MODE SHAPES. USES THE SUBROUTINE 

C 

C TRAHAT 

C 

DIMENSION Wf51)^V(5l)>PHI{51),A(6>6)>TF {10^10),TT(51^ 10^10)>X(5)^ 
lIRaW(5), JC0L(5)^ J0RDI5) 

COHHON>X4/I8C 

C0HH0N/X6/TSR 

COHHON/X9/TF 

COHHON/XIO/TT 

COMMQN/XXl/INO 

IND*0 

CALL TRAHAT(P) 

A{i,4)«TF (1>9) 

A(1,5)^TF(1#10) 

A{1>6)=1.0 
DO 10 I»2>5 
DO 5 J»4>5 

5 A(I^ J)»TF( I+4,J+5) 

10 A{I,6)=0.0 

IF<IBC-2)15^ 25,35 
15 A(1,1)3TF(1,4) 

A{l,2)»TF(l,5)-TSR*TF(l,6) 

A(1,3)»TF<1,8) 

DO 20 I»2,5 
A{I,l)»TF(I+4,4) 

A(I,2)=TF(I+4,5)-TSR+TF{I+4,6) 

20 A(i-,3)»TF(I+4,8) 

GO TO 45 

25 A( l,l) = TF (1,3) 

A(1,2)-TF (1,5)-TSR + TF( 1,6) 

A(l,3)- TF(1,7) 

DO 30 1*2,5 
A(I,1)*TF( 1+4,3) 

A(I,2)«TF(I+4,5)-TSR*TF(I+4»6) 

30 A(I,3)=TF(I+4,7) 

GO TO 45 

35 A{l,l)»TF(l,5)-TSR*rF(l,6) 

A(l,2)»TF(i,7) 

A(1,3)«TF(1,8) 

DO 40 I»2,5 

A(I,1)»TF(I+4,5)-TSR*TF{I+4,6) 

A(I,2)»TF( 1+4,7) 

40 A(I,3)»TF(I+4,8) 
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45 


N* 5 

MAX=N+I 
DET£R»i.O 
DO 80 K»l/N 

PlVOTaO.O 
00 60 I«1>N 
DO 60 0=1, N 
IF(K.EQ.1)GQ TO 55 
DO 50 rSCAN>l,KHl 
DO 50 JSCAN«1,KH1 
IF(I .EQ.IROWaSCAN) ) GO TO 60 

IF(J .EQ.JCOUJSCAN) ) GO TO 60 

50 CONTINUE 

55 IF(ABS(A(I,J) J.LE.ABS(PIV0T)1 GO TO 60 

PIVOT=A(I, J) 

IROW(K)=I 
. JCOL(K)»J 

60 CONTINUE 

IF (A85 (PIVOT) .GT.O.IEtZOJGO TO 65 

IND=1 

RETURN 

65 IR0WK»IR0W.(K) 

JCOLK-JCOL(K) 

OET£R = OETER'+PrVQT 
DO 70 J=1,MAX 

70 A( IROWK,J )=A(IROWK,J) /PIVOT 

A(IR0WK,JC0LK) =1,0/ PIVOT 
DG 80 1=1, N 
AIJCK*A(I, JCOLK) 

IF(I.EO.IROWK) GO TO 80 
A(I, JCOLK)=-AIJCK/PIVOT 
DO 75 J«1,HAX 

75 IF'( J .NE. JCOLK) A ( I , J ) » A ( I, J ) -A I JCK=?=A ( I ROWK, J ) 

80 CONTINUE 

DO 85 I«1,N 
IRDWl = IRQWn) 

JCCLl* JCOL (I ) 

JDRO(IROWI)»JCOU 
85 X( JCOLI)»A(IROWI,MAX) 

INTCH»0 ' . 

Nhl»N''i 
DO 90 I=1,N^^1 
IP1»I+1 
DO 90 J=IP1,N 

IF( JORO(J) .GE.JORD(I) ) GO TO 90 
JTEKP»JQRO (J ) 

JDRD(J J=JDRn(I). 

JDRDI I )=JTEMP 



INTCH=.INTCh+l 

90 CONTINUE 

IF <INTCH/2*2.Ne« INTCH)DETeR«-OETER 

IF(ABS(DETER) .GT.1.0E-30)GO TO 95 

IND»1 

RETURN 

95 IF(I8C-2)100#110#120 

100 DO 105 J=1^51 

W{0)=*X(l)+TTt J#l/4)+X(2)*(TT( J,1^5)-TSR+TT( J^l>6) ) +X ( 3 > ^'TT ( J, 1, 8 ) + 
1X(4>*TT{ J>1#9)+X(5)+TT( J,l>10) 

V{ J)=X{ 1)*TT{ J,2,4)+X(2)*{TT( J/2,5)-TSR*TT(J/2>6) )+X(3)*TT( 8)+ 
1X(4)+TT(J>2^9)+X (5)«TT( J/2^10) 

105 Phl( J)»X(1)*TT( J,5/4)+X {2)*(TT( J^5,5)-TSR*TT( J^-5^6) }+X(3)+TT( J^5>8 
1)+X(4)*TT( J^5,9) + X(5)=(‘TT(J^5#10) 

RETURN 

110 DO 115 J»1^51 

W( J)»X{l)=i'TT(J>1^3)+X C2)*{TT{ J>1>5)-TSR*TT{J.^ 1 j6) )+X(3>«TT( 1,7) + 

1X( 4)*TT( J, 1,9)+X{5)*TT( J,l,10) 

V(J)=X(1)*TT{ J,2,3)+X(2)*{TT{ J,2,5)-TSR*TT( J,2,6) )+X{3)*TT( J,2,7)+ 
lX(4)*in J,2,9) + X{5)*TT( J,2,10) 

115 PHI ( J)aX(l)*TT( J, 5,3)+X(2)*{TTt J,5, 5)“TSR*TT{J,5,6) ) +X ( 3 ) *TT ( J , 5, 7 
1)+XI4)=S=TT( J,5,9)+X(5)*TT( J, 5,10) 

RETURN 

120- DO 125 J»l,51 

W( J)»X{l)+(TT(J,l,5)-rSR*TT( J,l,6) ) +X ( 2 ) +TT ( J, 1,7 ) +X ( 3 ) +TT ( J, 1, 8 )+ 
1X{4)=J=TT{J,1,9)+X(5)*TT( J,l,10) 

V( J)»X(11=4'(TT(J,2,5)-TSR*TT{ J,2,6) )+X(2)*TTI J,2,7)+X(3)*TT( J,2,8) + 
lX(4)=i=TTU,2,9)+X(5)*TT(J,2,10) 

125 PHIU)»X{l)*tTT(J,5,5)-TSR + TT( J,5,6) )+X ( 2 ) *TT ( J, 5, 7 ) +X { 3 ) +TT ( J, 5,8 
1)+X{4)+TT{J,5»9)+XC5)*TT( J,5,10) 

130 F0Rf1AT(//5X,«THE MATRIX TO BE INVERTED IS SINGULAR IN THE MODE 
ISHA/ES computations AND HENCE ABANDDNDED**) 

re/urn 

END 
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FORTRAN PROGRAM III 


121 



orjoo ooooo ooor^oc^ 


NATURAL VIBRATION CHAR AC TER I S T ICS # PURE ' TORS ION, USES FUNCTION OET 
AND SUBROUTINES ' 1NTPOl/pLOT> NATF"r£ ~ANO sTT'a'p's's 

% ;^c jjt !jt * :jt jJ: :je # * * ))c jjt :jt ij« 3jt * * :J: i :j! si! ;}e ^ :jt ♦ ♦ ijc )jt ;!t :J: ^ :}c * 4c ^ ^ jjc :J: ^ ^ ^ jJ: :je sjt 


REAL ,MASS,.KM1S,KM2S,KHS 

DIMENSION GJdOD^KMlSdOD^KMZSdOil^KHSilOD^MASSUODrOUlOl), 
1021101 ), 03(101 ),STA (101), PH 1 151 )7sr( 51 d FREQEN(IO) 

COMMON /Xi/FR£QEN, HI, H2,H3, ITER, IJK 
COMHON/X2/ji, PP,FR£, HERTZ, SL, B L ANK/DOT ,'S T A R ' ' 

COtMHON/X3/STA,5PAN 

CQHMON/X4/D1,02,D3 

COMHON/XS/TSR ' ' " 

C0MHQN/X6/NS 

■ COMMON/X7/PMASS,CLP,SLP,Ni,N2, JSAJV£_ 

COMMONyXll/OHEGAN* ‘ __ _ ^ 


finis SECflON REAp_S_TH£ DAt^ Op.’lHE SYSTEM 


READ (5,5) ISTAGE,NS ' 1_ J_~ 

READ (5,10) SPAN, Bi'TSR, OMEGA ■■ ■ ” 

REA0(5,10)PMASS,CLP,SLP 

REAO(5,10) (STA( J), J=1,NS), (MASS( j ), J=1,NS), (GJ (J ), J»1,NS), 
K.KMiS( J), J = 1,NS ),(KM2S U),'j = l,NS j" 

R£A0{5,10}H1,'H2,'H3 " L_I _1 

IFdSTAGE.EQ.2j RE AO ( 5 , 1 5 ) N F ,' I TE^B LA NkTOO TTST A R, INC 


THIS SECTION'fRiNTS THE DATAj3F_THE7sVS_fEM' 


WRITE! 6, 20') 

WRIT£(6,25) 

IF (ISTAGE.EQ.2)'WRITE (6, 30) NF 
WRIT£(6,35)H1 
WRI TE( 6,40) H2 
WRITE (6,45)H3 

IF ( I stage. EQ. 2) WRITE (6, 50) INC 
WRIT£(6,55}SPAN 
WRITE(6,60)af1EGA 
WRITE(6,65)B 

WRITE(6,70)TS^ 311 ' 11 

I F'( P MA S S . L e'. o'. O") GO to " 200 
WRITE(6,75)PMASS . 

WRITE(6,80)CLP 

WRIIE(6,85)SLP 


■ '• T) 

KtS(3Bf)ING PAGE BLANK NOT mUm 
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'o O o‘o O O'O I : * 00^0^0 00 0 


zoo 


WRITE 

(6^ 

90)NS 


WRITE 

16 , 

95 ) 


WRITE 

(6, 

lOOHSTAC j)^ J> 

• 1 , NS ) 

WRITE 

(6^ 

105) 


WRITE 

(6, 

100)(HASS( J)^., 

J=1>NS) 

WRITE 

( 

110) - . . 


WRITE 

( 6 , 

lOOHGJ (J)^js 

*1>NS) 

WRITE 

( 6 , 

115) 


WRITE 

( 6 , 

100){Kt11S(J)*, 

j«'l>NS)__“ 

WRITE 

( 6/ 

120) 


WRITE 

(6/ 

100) (KM2SI J 

i.=l>NS“)r. 

WRITE 

( 6 , 

25) 



„'TH I S S £ C T i]ON _ C Tl ( fu L AT E S . TH VST E M_P R Q P E JR J I e'1. A T THE REQUIRED 
'station f B Y~'lNT ?RPO L AT 1 0 N~A N~D P R I f^T S~ "fH7~r^f ER POL AT ED VALUES 


CALL INTP^(HASS) „ „ 

_CALL INTPOL(GJ) 

call" INfPdL(BEfA)'_ 

_C/LL INTPQL{KfliS)_ 

CALL INTP61(KM2S) _ 

WRITE(6,20) ' „ 

WRITE(6,25) 

WRITE(6^125J ' ■ 

WRITE(6>25) _ 

WRITE(6>105) ^ „ _ 

W R i T E { 6 / 1 0 6 ) { MA S S { J j JL J “ i >■ i 6 1 ) 
'wRIT£(6,116) 

WRITE { 6,i0b ) 101) 

WRitE(6^115) _ 

WRITE(6,100) (KM1S( j )> J=l>101) 
WRITE (6^120) 

WRITE ( 6> 100 ) (KHZSU )^J*1>101) 
WRITE(6>25) 


THIS SECTION ■‘cdHPUTES THE NQN-OI HEN'SiaNAL COEFFICIENTS OF THE 
FIRST-ORDER . O’TFPI.RENTIAL EQUATION S " 


BS=*B«8 

SPANS’SPAN^tSPAN 
F1*BS/SPANS 
PI»4,0+ATAN(1.0 ) 
0HEGA=0HEGa*PI/3O.0 
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FACT = HASS( IJ + SPANS^i'SPANS/GJ { 1) 

G?'lEGAN»Q.‘1£GA’i‘0M5GA*FACT ' . ’ 

FACT=SORT( FACT) 

rSR»TSR* SPANS*SPAN/(GJ(1)^=BS) 

IF(PMASS.L6,0.G)SI'P»'SPAN " ' ’ III ' ' 

PflASS=PMASS/{SPAN*i1ASS (1)*396.^) 

CLP=>CLP/B " ■ ■■ M 

SLP*SLP/SPAH 

N1 = 50.0*SLP+0.5 “ ' 

N2aNl+l ■ ■ “ '"I" 

JS AV8»2*Nl + i _ 

DO 205 ‘ 

KrtS (J)=KH1S{J)+KH2S{ J) 

OK J)»GJ(1)’!'F1/GJ{J) 

02 ( J ) sQMEGAN* (KH2 STj )-KH15 ( J ) ) /'{HASS < IT* BS ) ' 

205 03 {J)»'KrtS(J)/{HASS{l)*BS) 

H1»H1^FACT 1“ ' 1 ' ' 

H2 = H2+FACT ~ 

■ ri3«H3^FAC‘T 

IFdSTAGE.EQ.2) GO _TQ 215 
C ~1 ' 

C ■ L 

C THIS SECTION CALCULA'tES THE FREQU ENCY DETERMINANTS OF THE SYSTEM 

C 

C 

•^RITE(6,20) 

WRITE(6,25) 

WRlTE(6,i30} 

WRITEC6^25) 

210 P=H1+H1 

IF {Hi, GT.H 3 )GQ“~Ta'2A5 

FR’Hl/FACT ‘ '1 ^ 

FaOET(?) 

WRITE{6^135}FR,Hl/F 

H1=<HI+H2 

GGT0210 

C 

C 

C THIS SECTION CALCULATES THE NATURAL FREQUENCIES AND THE ASSOCIATED 

C 

C rtOOAL FUNCTIONS 

C — ^ 

c 

215 CALL NATFRE(NF) 

SL{1)=0.0 _ 

00220 Jal^50 

220 SL{J + i)=SL{JJi-0.Q2 
OO 240 UK 

J1»J+INC 
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PP=«FREJEN( JJ _ . 

p=pp*pp 

CALL SHAPES (P/P.HI) .... 

. AfiAX»PHI(U 

DO 225 I*l>5i . . 

225 IF(A8S(AMAX).LT.ABS(PHUI)) )AMAX = PliIiI) 

DQ 230 r=l»5i _ , _ 

230 PriI(I)«PHI(I)/AHAX 

FRE»PP/FACT 

'.r H£RTZ»FRE/(2.0+.PI) . ' ' 

235' 'call PLQT(PHI) ' . _ 

240 ' CONTINUE - - ■ • 

IF(IJK.Lr.NF)WRlTE(6jl40) . 

IF(ISTAGE,£Q.l)WRiT£<6>25) • 

245 .CONTINUE, 

C~ FORMATS "" ’ “ “ ' _ 

c' _~J1_ 

5 _FQRMAT(ir/i3) 

'I'O ■ FQRMAT{5Ei4.7^ ^ ll- 

15 '_F0RHAT{I2>il/3Al^ 12} 

20' . .format 

25 ' format < / + 

■ ~ -■ • _ J_ ' 

30 FORMAT{ //5Xj^»NUHBER"o'f' f'rE QUE'nc 'IES" r' EQUIRED 

_i , _ _ ” _ 1 1I__ »”>i_5) 

35 J=0RMAT(7/5X/'*ST'A,niNG FREQU£NCY{ RAD/ SEC } 

“l" ■ _ 1 ~ ' ~ ■" ='»/e14.7)' 

40 '^FORMAT C//5"x^'»'FReQUjNCY I NCR £ ME'N T ( R AD /SEC ) 

‘ 'l ■ ■ ■ " ■ ' =»>E14.7) 

45 ■ ' F0'RMAT(//5X>«ENblNG FREOUENCY (R'AD/SEC} 

'i ■■ ] ■_ -»>E14*7) 

50 ■ 'FDRHATf‘//5X>«iNCREMEN'T IN THE H.ODE NUMBER 

1 *"/I5) 

55 FORMAT! //5X^ "LENGTH OF THE BLADE ! INCHES ) 

1 - - - ='»,E14.7) 

60 ■ FORMAT! //5X>»RDTATiDNAL VELOCITY OF THE BLADE(RPM) 

1 _ 1 »«>Ei4,7) 

65 FORMAT! / / 5 X ,«S E H j-C HO R D A T TH E ROOT! IN CHES} 

1 _ ="^E14.7} 

70 FORMAT! //5x/«C0NTR'bL' SYSTEM 'S PRING RA T'E'C IN-LB/RA D } 

■ 1 ■ _"1“ ^ ^113 '■ '»'^Ei4.7) 

75 ■FaRMAT(7/5x;«'uEIGHT' OF' fHE SEjvlSqR!L8) ‘ 

1 =»/E14.7} 

80 FORMAT! //SX^^CHORDWISE LOCATION OF THE' PROBE ! INCHES J 

I •«,Ei4.7} 
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85 


FQRMAK //5X^ »SPANWISE LOCATION OF THE PROBEC INCHES ) 

1 ' " ' =’*jEl'^.7) 

90 FQRrtATC //5X>»NUM8ER OF DATA POINTS 

1 ■ ’ _ ’ _ »*M5) 

9 5 F 0 R M A T ( / / 5 X > « S f A T I'o'N ’ L 0 CAT 1 0 N S < I N C H E SJJl ) 

lOO' F0RHAT( //7('4X#E1^.7) ) ' 

105 FORNATC //5X>*»HASS PER UNIT LENGtH'<LB-SEC**2 )»>* 

110 FORMAT( //5X, "TORSIONAL STI FFNESS ("LB-lN^+a') »} 

115 FORNATC //5X>"HASS 'HOHENT OF 'INERTIA XbOUT f'HE CHORD ( L3-S £0**2 )" ) 
120 FbRMAT( //5X,«MASS MOMENT OF INERTIA' ABOUT AN AXIS PERPENDICULAR TO 
1 THE CHORD THROUGH THE CENTER OF' 'GRTvI T Y ( LB-S EC*=i‘2 ) '» ) 

125 FGRMAT( //5X,»THE FOLLOWING ARE THE' INTERPOTaTED VALUES AT 101 EQUI 

IDISTANT STATIONS") 

130 FQRMATC //5X>”THE FOLLOWING COLUMNS" ARE 1 . FREQUENCY ( RAD ^SEC ) 2. NON-D 
IIMENSIONAL FRECUENCY3, VALUE OF THE" FREQUENCY OETERIMINANT RESPECTI 
2VELY") 

135 FORMAK 10X,£lA.7^i5X>ElA.7,15X,ElT.'7) 

lAO FQRHAT( //5X>"THE NUMB'Er" jTf ‘ FREQU'ENCIES DETECTED WITHIN THE RANGE A 

IRE ONLY ’ ' ='M5) 

STOP 

END 
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% > ^ > o o o o 'o o 


SUBROUTINE NAXFliMN) 


'this s u 8 Routine Tsca^^ u E. jitO et e e.Miij^T with resFecT fo 

THE FREQUENCY 't7l'u THE^SPECI FlfO.UNpOLs.IGN. CHANGES ARE 
DETECTED STARTING FRQM’ ZERO FREQU EN?yTu S ES~F UNCTION OET 


0I.1ENSIQN FREQEN(ldj> JKL(IO) 

CaMM0N/Xi/FRE0EN>Hi^H>H3,ITER#-ijJi '1 

IJK = 0 „ '1 

ITRN»0 _ 

DO 5 J*i^N 

5 JKL(J)»0 , 

' >P»H1 _ 

pipp:?>p ' 

F*0ET{PJ 

IF(ABS(F) .GT.-O.ddOllGO JO 10 

ijK:»ijK+y ■_ 

JKL(IJK)»1 " I 

FREQEN{ljK)=PP" 

■pP = PP+H _ ' _ 1’ 

■■'p=»pp«pp ' L7 7 _ _ 

' F=0£T{P) ■ __ 

10 F»SIGN(I.QjF T 

15 PP»PP+H _ 

■ 7p"=pp«pp' ■ ' “ '7.' _ 1 

GioEt(pT7^~ 7. _ 

IF (ASS (G)'.GT'r6.0d0i‘>GQ TO' 20 7_ 

ijk»ijk'+i . ■‘7~' 1 

■JKL(IJk)=l 

FREOEN(IJK)=PP 
IF<IJK.EQ.N)GO T0~3b' 

■ IFCPP/GE.riS) GO TO 30 

PP = PP+H 

pspp^rpp ■■ ■ 

"F»06T{P) 

F=*5IGN(1.0>F) __ 

GO* TO 1 5 ‘ ■_ 7 _7_ 

20 G=SIGN( i.oJG) '■ 

IF(F*G. 6 T_.b. 6 rG 07 W '2 5 ' ' 

IJK-I'JK+J. 7" 1 ~ 1 _17 7 

freqen(ijk")»pp-h“ _ ■' 

■xf(uk.eq.n)go'tq 30 ■ 7.' 

IF (PP. GT.H3 ) GO TO '30 
25 F»G 
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GO TO 15 

^0 ETRN=ITRN+1 

IF( ITSN.GT. ITER )G0 TG 55 

H=H/10.0 

00 50 

IF ( JKL { J) .EQ.iJGO' TO 50 

PP=»FREQEN( J ) 

■p = PP*PP 
F*OET{P) 

F*5IGN(1.0> F) 

35 PP*PP+H ‘ 

papp^^pp 

G=DET(P) ' 

Ir{A8S(G),GT.0.0001)GO TO ^0 

JKHJ)al 

FREQ6N(J)aPP 

GO TO 50 ‘ 

^0 ' GaSIGNI l.O^G) 

‘ IF( F^G.GT.d.OJGO TO '45 
FR6Q6N( J)=PP-H 
GO TQ 50 
41. F-G 

GO TO 35 ■ ■ 

50' CONTINUE 

■■ GO TO 30 

55 00 60 J=1^IJK 

IF(JKL(J).EQ.1)GQ TO 60 

PpaFREOENU) 

paPP^PP 

F=0£T(?> 

Ppa?P+H 

P=PP^PP 

G*DET(P) 

OIFFaG-F 

FREQEN( J)apP-G=?=H/Dl'FF 
60 CONTINUE 
RETURN 
END 

SUBROUTINE PLOTCA)' 
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c 

c ' rjHi5..su.8Rj3ufi,NOJiSTr5” N AiukA.L_Eli5ndy cji s. and!>qde '_ sHA?'e‘s:7ANb 

c . _ 

C PLOTS THE HOOE SHAPES 

c r—zr 

C ^ ^ . . 

REAL LINE __ 

DIMENSION A(51>;SL(bi ),LINE(51) 

C0HM0N/X2/Jl^PP>FRE,HERTZ>SL>BLANK>_D0T.-SfAR 

WRIT£(6,10) 

WRITE(6,20) _ 

WRITE(6,30) Jl^FRE^HERTZjPP _ 

WRITE (6>20) 

WRITE(6,60) 

-WRITE (6,70) 

75 DO 30 J*i,6 _ _ 

30" WRITE(6,96) (SL(J),Jk‘( J),SL( j+9),AiJ+9 ),SL (J + 18), A{J+i3)/SL(J+27),A( 

ij + 27),SLU + 36),A( j+36), SL(J + 45),Aj.J + 45) )_ 

JWRITE (6,90) (SL ( 7) , A ( 7 ) , SL ( 1 6 ), A Uj) ), S il ( 25 A( 25 ) , S L ( 34 ), A ( 34 > , SL ( 4 

"13),A(43)) ' ' _ ' 

WRITE (6,9"^b) (SL( 8),Ara ),SL(17), A{ 17 ) , Sil ( 26) , A (26 } ,S L ( 35 ) , A ( 35 ) , S L f 4 

i4J,A(4‘4)') 

WRITE(6,9bV(SL(9Xj_A(9’),S~L(18 j,A(i'8),SL127),A(27),SL t36),AC36},SL(4 

15},A(45)) _ 

WRITE(6,20_) ■ 7 -7—' 1 

WRITE (6,i0) 

00 100 J = i,5i7" _7 _ ' 

iOO'*''LINE(J)=D’0t 7,“ 7' 

- J»25.0+(A(i)+1.0)+iV5 7 1 'I 

“'lIN£(J)=STAR 7 1-* 

'“■WRITE{6,ilO) "(LINET'j)', J*i,51) '“ 

*■ "do 120 J»i,5i‘‘ _ ■' ' '77 

120 '■■LiNE(J)=8LANK '7 _ 7* 

'■'LINe(26)»0QT 
DO 130 JJ»3,5172 
J=25.0*(A(JJ)+i.0)+1.5 
■ LINE( J)»STAR 

“ WRITE(6,140) (LINE<J), J’*l,51) 

LINE( J)=BLANK 
130 ■lINE(26)»DGT 

10 FORMAT(lHl) ' " ' . ,^7.77.1. 

20 FQ RMAT ( / / 2X j »»*'***»************ **** ****»****»*=»»*»» »»4i*»»***»»»»** 

xi*** 4** ***V**** *************** + + + + + + 

z*^***'*») ’ 

30 FORMAT( //5X,« MODE NUMBE'R * »»,T2,'8 XT^FREQ . RAO/StC »«, F 10, 4,8X,»»FRE 
IQ. HERTZ »»,F10.4,8X,» NQN-DIHEN. FR EQ . ' FlO . 4 ) 

60 F0RMAT(//55X,»»T0RSI0NAL DEFLECTION'*) 
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70 FG^MATCdC^X^^STA X/L‘»>4X,»<DEFLN»*) ) 
90- F0R«Ar(//12(2X> F8.4)) 

no F3RMArC////////40X/51An 
140 FaRMAHAOX, 51A1 ) 

RETURN 

END '21 

SUBROUTINE INTp-OltA) 



o o o o 


c 


. _ ’ . _TH i s' ' ‘ sub r d g t.i n.e._in j e r_p g l at fs~TH E REQu iR£"o VALu 


oi HENS ION A (ioi‘ )#STA( 101 )> TABLE { 1 6 i^ 1) > Bcioi) 

COHHON /X3/STA,SPAN . „ 

CCHH0N/X6/NS _ _ ’ „ 

IN»0 ' „ .... 1 

DO 5 J = 1,NS 

5 IF{A8S( A{ jn .l‘E.0.6) iN»rN+i 

IF<IN.NE.NS)Gb TO 15 

.DO 10 J*l>101 . ... 

10 A(J)-0.0 

RETURN ■„ 1 

15 ~ A(‘i01)‘*a‘{NS ) _ " 

NHl=NS~i 

- _ do 20 isi^frHi _ „ : 

20 _ JA8LE (1 ,1 ) » (A( i +1)-A ( I ) ) / { STA (I+l }-STA { I ) ) 

H=SPAN/100.0 __ 

'XARG=H 

■_D0 35 I»2^100‘ ■' _■ 1 _ 

DO 25J»1,NS ■ 

IF ( 'J . EQ . NS . OR . X AR'G .1‘e'. S T A t J ) ) y<T TO ‘ 30 

25 '"continue . ' 

30 'hAX»J “ J ■' 

IF{flAX‘.LE.2)"HA'X»2' 

■isub=h'a'x-i ■■■■ _ " ■ 

■■"YEST»tABl‘Ea'SU8^r) 1" ~ 1_"' 

3(I)=yESf+(XARG-Sfj4(ISU8))+A(iSUBi_ __ 

35 XARG = XAR6+H __ _ • 

00' 40 J»'2>100' 

40 ■ A(J)« B( J) "" . ■ ■ - - “ ■ 

RETURN 

END 

FUNCTION D£T(P) " ' ' 
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c 

C 

C THIS FUNCTigN CALCULATES THE VALUE OF TH £ FREQUENCY DETERMINANT’ 

USES SUBROUTINE TRAMAT ' 


DIMENSION TF(2,2) 

C0HH0N/X5/TSR 

CGHM0N/X9/TF 

CALL T'RAMATIPJ 

DET»TF( 2> I )~TSR’i‘TF(.2>2) 

RETURN 

END 

SUBROUTINE TRAMAT(P) 
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c Il”..ljriIS S U 3 ROUT I N E~~a 3rt P U TE S ~T H E~~f R ASHISSIDN H4 T^fx " THR Q UGH >“He'SY.sTEftI 

C , . 

C . USES THE SUSRollTINES INTG AND rtA THUL 

C ' ' ‘ . " 7. 

DIMENSION TF(2^2)>JT(51,E, 2)#PT(2^ 21f A(2,2),3{2>2),C(2,2} 

CQi'maN/X7/Pf1ASS,CLP^SLP>_Nl^N2^ JSAVE ... 

CDHM0N/X9 /TF .. ".'.'I 7 . _ . . 

COMMON/XIO/TT _ _ 

COMMON/Xll/PMEGAN ' 

00 10 I»1^2 _ 

00 5 J = i^2 _ 

TTCl^I, J)»0.0 _ _ _ 

5 PTd/JJ^O.O _ _ 

TT(1, l')=1.0 _ 

lO’ PHX^D’l.O 

PT(2^1)»(-P+0MEGAN)'*PMASS*CLP+c‘iJ 

IK=N1 1 _ _ 

CALL INTG(P,l,IK/i) ‘ ._7 

IFCNl.GE.SO) GC' T0_15 

■ IJ = N2 ■ 1 ’ ' ' ' . ' 

IL=JSAVE " 

CALL INTG{p,Ij‘,'50^IL ) ' ' 

15 00 20 1*1,2 _ _ 

DO 20 J»l,2 7 

20 ' A( I, J)*TT<N2, d J J _ 

CALL HATMUL(PT, aVS) 

N»N2 + 1 ' ' ... 

IF{N.GT.5i) GQ""to"4o _ 7 

DO 35 I*N,51 

DO 2 5 J=l,2 ■“ ■ " 7” 

00 25 K*l,2 ■” J- ' _ _ _ 

25 A( J,K)*rT(I,J,K) 

CALL MAfMUL{A,B,C)~ 

0030 J=l,2 
DO 30 K=l,2 

30 TT(I, J,K) *C (J,K') . 

35 CONTINUE 

GO TO 50 ■■ 

AO DO A5 I*li2 ■ ■ ■ 7 " 

DO A5 J = l,2 ■ „ 

A5 TT{51, I,J )=9(I,j) 

50 DO 55 1*1,2 

DO 55 J=l, 2 " ' 

55 TF(I, J)=TT(51,I,J) 

return 
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END 

SUSRQUTINE INTG { P>NI^ iNJ> NK ) 
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c . 

c “liNT^GR^iUM . runge'U!" 

C r-rr-r 

c . .. .... 

DIMENSION Di { 101 J ^ D2C 101 )j 03.(101 ),yiX2./.2.b,V(2)^T (2 2/2) 

C0HM0N/X4/D1> D2/D3.. 

C0/1MDN/Xi0/TT 

DO 10 J = i>2 ■ _ 

DO 5 1*1/2 __ _ _ _____ 

5 V1(I/J.)»0.0 . . 

10 V1CJ/J)*1.0 _ 

M=0 ’ " 

00 45 I»l/2 _ 

DO 15 J*l/2_ __ _ . , 

15 ' V{J)=yi(J/Jj 

J»NK , 

DO 40 L»NI/NJ _ 

20 K=RUNGE(V/f/J/H)’ 

25 ■ JlFIK.NE.l) GO TO 30 __ 

t{l)»DlCJ}*V(2) 

T(2)=D2{J)*V(l)-P*b3{J)*V{iL . 

GO TO 20 

30 "‘OO 35 JJ = l/2 ' 

35 TTa+l> JJ/I) = V( Jj) ‘ "J 

40 CONTINUE ' 1 . , . • 

45 CONTINUE _ 

RETURN 2 ~ ” J 

" end ‘ ” ■ 7* 

FUNCTldN_Rti‘'^GE(Y/F/ j/M) 
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FOURTH-OROER RUNGj-ku^^ METHOD 


DIMENSION ‘yY2J> F (z7/PHI { 2) , S AVEY( 2)'"‘ 
M“M + 1 ■ - • - ^ ^ 

GO TO(5> 10^20/36^40 )>H ' * "J _ 

5 RUNGEsi ‘ - - -- 

RETURN ___ „T 

10 DO It) JJ»1#2 ' ' ' 

■ SAVEY(JJ)=V(JJ ) 

PHI { JJ) -F(>} J) ■ ■■''7 

15 Y( JJ)»SAVEY(JJ)+6-.01*F(JJ) 

J = J + 1 
RUNGE»1 

RETURN ■ _ 

20 ' DO 25 JJ*1^2 

PriI{JJ)=PHI(JJ)+2.0*F(JJ) 

25 Y(JJ)»SAVEY(JJ)+0.01*F(JJ) 

RUNGE»1 

RETURN ' ' “7 

30 DO 35 JJ = 1>2 ^ 

PHI ( JJ)»PriI(JJ)+2V6YF(JJ )■ 

35 Y( JJ}=SAVEYUJ)+C.02=«‘F{JJ) 

J-J + 1 
RUNGE»1 

RETURN " ‘ ’ .7. 7 -1 

40 00 45 JJ“i^2 7 _ ~ . 

45 Y{ JJ ) tSAVEYU J ) + rpHI(JJ )+F{ JJ) 

N = 0 _ _ _ 

RUNGE«0’ ’ ’ '7' 7' 

RETURN 

END 

SUBROUTINE MATHUL ( A> B,C ) 7 
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„T '.MATRIX . J 


DIMENSION A(2^2), 6(2^2), C(2i2) 
DO 5- 1 = 1,2 _ 

00 5 J = 1,2 
C(I,J)=0.0 
DO 5 K=l,2 

5 C(I,J)=C(I, j)+Aa,K)=>B{K,J) 

RETURN 

END _ 

. _1 SUBROUTINE SH AP ES ( P, PHI ) 
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THIS SUSRaUTINE. CALCULATES TUc >1QD i _SHAPjS . USES THE SUBROUTINE 
TRAMAT 


DIMENSION PHI('51)>TT(51j2^ 2) 

COMMON/X5/T5R • ' 

CUMMON/XiO/TT 

CALL TRAMAT{P) ' ' 

DO 5 

5 PHI( J)=TT{J^l>l)-TSR+TT(J>1^2) 

RETURN 

END ' . .. -I 

END 
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SAMPLE OUTPUT 


,H0 
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o 


0 »»»»<>«»<>»<><> ft tt »»»»»«»»»«>»»»<> <><t It »»»«>»»«<><*)»■»»»»»»<><»<><»» *»»»»*»<>»»»**<* **jL**!:* 5 t*?**^*** **-*****- 1 * 1 ***^*! 

haturr of thf hoofs • collect ivE mooes 

@ NUMBgT'b TT R FmjENC f e"s~ requ i'red . _...=.. . 7 .--. — - 

® sl ~l RTTNV'VVEWFT j Tr7 RA0/sfcV'' . — 

© FR7 7uFHCY~THcV^ENfrRAo7'sEa ’ „ . . -2 — .5Q«ioab.bEt.b.i 

0 ENDTnV FrV~ q1IenC~y' (RAD/SE O . . . . B,__,8000000Ef0.i 

© tNCRFHk 'NT~ fN~~fHE~ H'b 6E~'NIIHBER - -- - • -- 


len g th o f the ' fl UMC-Iu. N E C ii 



'rot a f T on AL~V ELOC ILY^QE. JHE,'BLA.i>E J'RPM) 
SF7r^] 7)Rf>''OF the' e lAD E' ( 'iTTcHES )'..rr 
cbFf R'o 'L'''S YSTEM SPRING" RATE ( IM-Lfl/RAD) 



I's COLLFC TIVE PITCH (f)EGREES|'.__r' 


: u 

n ” , DIS TANC E 0 'f_T HE BLAf)E'>RpkjrHE ROOT (INCHES> 

V BJ .... - . .. 

K .» 

• _ _NUi1B ELii£_DA.T.Aj£.Q.U!lfsZZ L'. ..' . . 1' 

i ^ _ 

s STATiO(iA.b.CAfLbNS.jiNCHFy) V .. 

4 _ — 

» 

- 0 . ■ ",iooooooe+'oi ~ ' .siobonoE+oi 


= ,E11ROOOE*03 
'=_l«3540.b00E*O3 

~a .' 6 s b <T(>on'E 7 Qr 

'a " .2E50000E + 06 
= r 1 50 0(i'0 OEVoi 


♦.lflSOOOOJE+02 



73o‘0OOO0F+7i .’3500n0ftE*01 .6500000E40J .flZSOOOOE+OI 



ll^ 


._*/?50QJJ00e>01„ 

_^.17500 00E*02 

„.45onoooE+oa 

_».l/?00i>Qne*03._ 


,lo2f50O0Eta2 
-»185(La5i)E>02 . 
..soooflooE'foa 
.,ieoohoo£+n3 


,nooonnF+o? 
... ,pooflnooE*o? 
.Psonoooe+o? 
,lflannooE*o3 


-MASS-PEfi...UNIT LENGTH <LR-SEC*»2/1N««2) . 


_..L7feO.OOOE-t2 

-aAi.300DSErl>3. 

„i3«80.QOnE-02 

_tlO^O0OOErn2. .. 

_.6§QAQ.(lilE.-I>.3 . .. 


„.l76nopnE-o? 
.,616000nE-02 
<,246flanOE-02 
..Bb(inoOOE-03 
.,(b60 0000E-03 


.F<)9000nE-02 

.6160000E-02 

.2540000E-02 

.7500n0ftE-03 

.2070000F-02 


FLAPW I S.F_JFNP I NG . ST.I fi.F.tlESS.„( UB - 1 N« *2 ) 


.77 flOPOOE*OB 
,i3gnoodE+o'<) 
V266no60E*09“ 
J.I ) ooooo£Vn«_ 
. 56200 ddE+'n7 


.7700000E+OB 
’lAsaflonoF+ov 
ViionoooE+09 
^65(i0000E + 07 
■758?0d00E*O7 


.S16O00OE+09 

,432flOOOF+09 

.62000nOE»08 

.6S00000F+07 

.7SfiOOnOE+07 


CHORDWISE BENOTNfi STIFFNESS tLB-IN««2) 


,^eooooE+09 
^4?OodOE + 09 
^U7006 oE + 6V 
,425bd0dE*09- 
';2340000E+b9 


,26flOflOOF+09 

■,'sieooooE+o9 

■;n7d(jnoE*o9 

",3950000E»09 

,2340000E*09 


.ftBOnOOOF»09 

,51flnOOOE+09 

,415nnooF+09 

,36SnonoE+09 

,?630000F+09 


TORSIONAL STIFFNESS «LR-IN«*2> 


^^924_OOOOE + OR 
;\j660“OO0Ei09 
.307b6'00Ein9' 
■71350000E+OR 
"69flodO0E + 07“ 


,9240000E+Ofl 
,5ieooooE*o9 
;i330000F+09 
.10600005*06 
~;696OnO0F + O7' 


.6190000E+09 
.6160000F.*09 
.inOOftOOF*09 
.60000(K)E + 07 
,69«nQn0E+07 


DTSTANCF BETWEFN mass and plastic AXISUNCHES) 


,1?fl0000E*02 ,1350p0l)E + 02 , 1 40pi)00E*Q2 .I65 000 0E*02 

.,22000.006 *0.?. .. .300do oO F*02 .35b6000E*02 .4000600E*02 

'.*6o’oooboF*02 ^ ,9000000E*02 .. . 102000'oE*0.3 .1100000 E*03 

.20500006*03 . _,,207pOOOE*03 . ,20?OOO.OE.*Q3 _,21 1 b66oE*.0.3_ 


.6990000E-02 aAp400ftOE-Q2 . AOAO.nMEiO? .Sa70.0.0.0.fc0g 

.4A30000E-02 ,AA;300PPE-02 .3030 000EA.02 . 2170000£ ~02 

.?54'()00dE-02 ,li76d0O0F-O2 _ _,1.4B000dE-02 ,122bodOE-02 

,6^000006-03 ,6600onOE-d3„ „ ,?lib0O0E-,O2 ,2U000bE-02 

,2O70b00E-O2 _ ,66000PDE-03.._ ,6600000Er03 ,23600.0.0Ejr..O? 


. 51 ftooobooR ’ _Z» ii6bbb(i£,*o'^ .1 36 ooooe* 69 TiSB Oo'bo E fbT' 

'.3i900bbE*69 _,3l9b'dboE+09 .3lbbbbbE*09 ,25600006^09 1 

.540ooooE+b6" ■ ,2rtbboooE*o'a '■"■.pooobobE+o^’ ^ _ji40obbbE+6“a _ 

,562000'iF*07_‘ 1 ‘;S620000E+07 " _;626^000E+d7j; ~ .62600Q0E *07~ 

‘.7560000F + 07 “ ” T5«2bbd0E*bt"_‘"“ ,6620oboE+b7_ ,'582obb0E+07 


,650000bE*b9 7ll6bO0OE*09‘ ,14200006+09 _ _ ..'14200006 + 0,9 

.2000000E + 09 jj2000000F + 09 1 170000E+09 ~~ j 1 700006 + 09 

,450o'oboE+b9 .50b6bobE+b9‘"' ^floobbb|+o'9 ,46'ob’obbE+^ 

.3375000E + 09 ;’240'ooo6f + 09 ,?38b'bbbE+b9“ 2360 6 006+0 9‘ 

.2630000E+09 .2340000F+09 ' .23400006+09 ,23400006+09 


,61900006 + 09 '.1390000F+09 " . 1 660000f'+'o'9 ,16600006 + 09 

.3630flOOE+O9 ,3R30000F + 09 '■■^37200006 + 09 '1,30700006 + 09 

.6500AOOF+06 .36000006+06 .25000006+06 .16000006+06 

.6960000E+07 ,69600006+07 _ ,69ROOOOF+07 .6960000E+07 

,69800006 + 07 .69600006 + 07 '' ,6980000’E + 67'"“' .'69'a oo6'0~E + 0'7' 



n 


0 

0 


o.‘ 


j*, tfiOOOOOF + Of) 

-l3ooo noQE»no 


0 . 

0 . 

0 . 


-• l6oooof)F4.nn 
-.3'oonoooE^oo 


lOftonnoF^oo 
i#^onn onr + oo 
76nonnoF^on 


-“^*t*5*oohooE+oo 
600 00 OF +00 
.7600000R +00 


^ ‘twist of THF RLAOE MOT_INCLlPnTNG THF COILFCTTVF P T TCH (OEGPFFS ) 


& 






0* 

0, 

0* 

0. 


0. 

0. 

0* 

0. 

® 

0^* ^ ^ 

0. 

-•R?ooonor-ni 

-•1P20000E+00 


“♦1453000E40! 

-.17a7000F*01 

-,a002000F*01 

-.?276000E40J 


-.'5566000E+OJ 

-.8’a566d0F»01 

-,P?9SOOOF+Ol 

-.I0?2700F. + da 

a 











._MASS..M(WENT .pf 

INERTIA ABOUT THE 

CHORD 











0. 

7 

0. 

0, 



0. 

- - 0 • 

n* 

0. 


0 • 

.1810000E-02 

.1720000E-0? 

. 566onaoF-o? 


.3ooo’oonE-o3 

.2300000E-03 

• I600000F-03 

.1500000F-»03 

- - - 

. isoobobe-o"3” 

'.i6odno()£-o3 

.p4aOOO0F-03 

♦2A00O0OE-O3 


0* 0« 

Oj* . __ 0 • O f 

-* 20000 oo^t 00 -*.)5O0000E^00 -.2500000E + 00 

-,40 0 00nOF + 00 .3QOOOOOE + 00 ,39000b0E+ o“o 

-•^OOOOOflEtOO , -♦3000000F + 00 . - * 3000000E* 00 ' 


0 • 0 # 0 # „ , 

-.6310000F + 00 _ -«9050000E+00.._ „ U T9000E*01 

t ^ 39210 O.OE ♦ oa -♦ 45*15.0 O.o E jlO i - # 50J O0.PJPL5 ♦ OJ^ 

-.1033700E + 02 ^ _ _-,1044700E+02 1 060000E + 02 


o\ ' 70**# 

0 • 0 9 

•9100000E-03 570000 OE-03 

♦1 50000 OF-03 .340bo6bE-03 

• lbOOOOOE-'03 •150 00 0 0E-03 


.0, 

0 . . 

^ .4100000E-03 _ 
•3400000E-03 _ 
.1500000E-63 


MASS. ^OMjENt ABOUT AN. AXIS PERPFND T CML AP TO THF CHORD THROUGH THE CENTER OF GRA V I TY (LB-SEC»i?T 


0* .Q.i_ , 

Ot SIj 

0, .. ,UOOOOOF-Ol 

loob^oof-oi •l07nnooF-oi 

« 6aiflb Q0E-»Q2 ,68iboO0ErQ2 


0. 

0, 

.UOOOOOF-01 

.9R30000F-02 

.R390000F-02 


0 4 , .... . 0 • ^ V 0* ^ _ 0 » 

0# ^ A*. 0 ♦ ' 

•I230000E-01 *1330000F-0l .1320000F-01 .1260000E-01 

,p67onooE-a? • 6 eionoo>~o 2 .R20ooooe-02 • 8200000 E- 02 ' J'7* *^*** 

.rt390000E-02 _ _ •^010000E“02_ _ _,6H1 OOOOE-02 >6BV0QQQE"6 2’‘" 


u 

11 

10 

» 

I 

7 

4 

5 
4 
i 




M 

TIS- 

-la 



H 

A 

C\ 




m 




& IME_ FOLLOWING. ARE .the' interpolated VALUES AT 101 EOUIOTSTANT STATIONS 


© 

ftftft«ftftftftftftftftftftftftftftftftftftftftftftftftftft«{tftftftftftftftftftftftftftftftftftftftftftftftftftftft{tftftftftftftftftftftftftft{t©ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftaftftftftftaftftftftftftftft 

, 





‘ 











o 

M A 5S_£ER„gtilT_LEK6TH (LO-SeC^-tZ/IW^S) 





















■ 

© _ 

.n6i)oaoe-o2 

,6?90000E-02 

♦4040000E-02 

,367A862F-02 

. . ,4255?80Er:b2 

.(jl600QoE>02 

’"»4430bobE-O2’ 



i.22A5flB6Frp;> 

42R29240E-02 

.24fi9973F-02 

.2H40000E-02 

. ,2413445E:':i>2 

.2206940E-02 

• 2000435£«-02 


.1793Q30E-0? 

.166n8fl0E-02 

•1542272F-02 

.l4?78fl8E-b2 

.I317552E-02 

.I2112R8E-02 

.1135040E-02 

© ’ 

.1050792E-02 

.9793520E-03 

,fl9ftnftF0F-03 

.8333600E-03 

.7910000E-03 

.7487760E-03 

.6600000E-03' 

.7106520E-03 


.67P52BOE-03 

•6600000E-03 

,6600000F-03 

46ft00000f-*03 

.660nonOF>Q3 

.6600000E-03 


.6600000E>03 

.6600000E-03' 

• 66(l0000E-03 

•6600aOOE«03 

.66dbfla0£-03 

.6600000E-03 

.6600000E«03 


.6600000E-03 

.78977S0E-03 

. 104*5700F-02 . 

.130162f)E-0? 

.I557550E-02’ 

'.1813475E-02 

• 2a69400E-*02 


.2UO0OOf;-O? 

. 2 n 0000 E >02 

.2UO000E-02 

♦20902flOE-0? 

,1783l70F-b2' 

,8606oOOF-'03 

.1476060E-02 

.U68950E-02 


,86lflA00F-03 

• 66bn(l00E-.03 

.B6ononoE-03 

*66fl0006£oR3 

,66000b0E-03 

.6600000E-03 

w 

.6600n00£-03 

.660000QF-03 

.AftOOOnOF-03 

•6600000F-03 

'.6600000F-03 

,6600000E-03 

.6600000E>03 . 


.6600000E-03 

.66Onn00E-03 

.BAOOOOOF-03 

.6600000F-03 

.6600000E-03 

.66000QOE-03 

.6feoonobE-o3 


,6600000E-03 

• 6600nOOF.-03 

.6600000F-03 

♦ 6600000E-.03 

.6600000F-03 

.66000QOE-03 

.6600000E-03 



.66nonoo£-03 

,66S2fl7SF-03 

, !03flbn5E-02 

.1411Hft2E-02 

■.1785180E-02 

,2070000E~d2 

.2070000E-02 


.207n00d£-02 

.2070000F-02 

.2070000E-0? 

.2070000F-0? 

.j2O?O0O0E-02 

'.2n700QOF-02 

.I755570E-02 


.6600000E-03 

. 107«9A3E-0? 

*23aoO00F-02 




j ZZ 





' ' 

■ 

‘ 






• 





FLAPWISE BENDING STIFFNESS (LR-INftft?) 























.770oondE*b"ft 

.5160000E+09 

. 1240960E+09 

,13fl0000e*09 

1380000E409 

,432000bE4-09 

• 319o666iE^09 


.29215fl4E^09 

.2560000E'f09 

.9251627F+0R 

,5720000E+Ofl 

.A978150E408 

,1625l'20£40e 

.7320000E+07 

.4289800E408 

.360U50E*0B 


.2913100E40B 

.2518a00£4.0ft 

,?1779?oe+0fl 

.lR79280E40n- 

.13B5480E+08 

,hA90752E407 

.l25840bEiOS“' 

\2 

.U313?0E^0B 

.1020200EtOB 

.9143(l00F + 07 

.fll672n0F+07 

.6202704E40f 

11 

.5914fi56E*07 

,5e20000E+07 

.5fl2oOOOE+07 

,5fl20000E*07 

.5H20000E407 

.Sa20000E407 

.seaooooe^or 

10 

• 5a2000'0E^07 

.5B2000flF.>07 

,5a?onooF+07 

.Sn20000F407 

.5820000E407’ 

.S820000E407 

.S820000E407 

, f 

,5fl?n00OF+07 

.60SQ3flOF4a7 

.S93704OF+07 

.60I4700E407 

.fen92350F*07 

,6170020E407‘ " 

.6247680E407 

4 

.6260000Et07 

.6260000E407 

,iS26nl)00E*07 

.62S4ri6F+07 

.M608?4F*07 

,6067632E407 

.597.4440E407 

7 

.5a8i24BE407* 

,5fl2000nE+07 

.sn2oflonF*o7 

.5820.1001.407 

.5H20naOE407 

.5820000E407 

• .5820000E407 

4 

.S82on'60E*07 

.S820nOOF+07 

.s8?nnonE*07 

.5820000F.407 

,5820000E407 

■ i5R2bnaoE467 

' .582obodE*07 

5 

.5820000E+07 

.bflanoofif *07 

.SR2aonnF+n7 

,5fl?0n00F407 

.5820nonF407 

.S820000F.>07 

' .5820000E407 

4 

.502OOOOE+O7 

.5B2on00E+n7 

,5H2nonoF4fl7 

.SH20000F*07 

.S820000E407 

..5R20000F407 

.5820000E407 

3 

,Sft2ondoE*n7 

,'Sfl265?SF4(l7 

.A?«7190F + (l7 

,674785Sb‘407 

,7208520F*07 

.7560000E407 ” ' 

.7560000E407 

- 

,75600dnE+07 

.7S6000OF+07 

.7S6oOOnF*07 

.75h000nE407 

.7b60000£407 

.7550000E407 

.7X719BOE+07 





582I)O00E + 07 


8 fl? 0 (inOK *(17 


.5fl20000E*07 


CH ORDWiSE flENDING STIFFNESS <LH-IN*«?) 


_,26BOOOOE+OR 
_til7000ftE+OQ 
, .4978?5nE + 0R 
'.4?86540F4nq 
1 ^ 3413 ?P 0 E 40 q 

.29r5775E409 

_.2433930E409 

_,23RnOOOF409 

_.2345S6HE4n9 

_.23400n0F4n9 

_, 23 ^ 00 n 0 E 4 fl 9 

., 234 (ioboE 409 
_,2340000E409 
.,. 2 a 3 ononE 409 ^ 

.P 340000 F 409 


. 6 SonoooE 4 n 9 
. H70000F409 
.SOOonoOF409 
.41S4240F409 
.332A78SF409 
.2fl46940F409 
,239H?10E4n9 
.? 3 noonoE 409 
•2340000E409 
.2340000F4n9 
.234nn00E409 

,234()000E4n9 
.2341 'I37E409 
.2fl3noO«E409 
,234(lflOnF409 


.22flft507E4<19 
.SOOn«OOE 409 
.4027160F409 
,3?SQ950F*09 
.?77810Se + l)9 
. 2394680 F 40 q 
.? 3 BoonnF 409 
,23400<H)F*09 
,234000()E409 
, 234 onnoE 409 
. 234 oni)flE 4 n 9 

.?471‘>fi»>E4 0q 

,?B3nOOftF409 

.?34tlOOOF*09 


TORSIONAL STIFFNESS <LH-IM«»?| 


5240n00E4p8 .6I9nn0flF409 . 14B93(S0E409 

_t3B05?40E409 . ,307on08F409 . 12nft368F+09 

_t4.pn44S0E40n ,3339flOOF40B . 27891 20F+08 

_,1396980E408 . 12638 1 6F4()fl ,n49444E4(|fl 

_,7i?i9P4e+07. . . ,69nnnoo£407 ,69«nnnnE407 

_j69«0p()0E407 .. .69HnOOOF407 .6980000E407 

_,69aonoOE407 .69Pflo0nf 407 .6980000E407 

,_,69POnonE4n7 . .. ,69flnOOOF4n7 ,69H000nF407 

_,.69POOOOF + 07 . ,6980(1(I0E407 ,698ftOnOF407 

„,69fln00OE407 ,69fl(iO0nF4O7 .698nn00F4O7 

_,69Pnnn0E407 „,6980nOOE407 .6980nOOE407 

..4.698O00PE+O7 ,69Rnn0nE4fl7 .69Pn000F4n7 

. ,698nonOE4n7 ,69HOn00E4O7 ,698000rtF407 

..,6.9flooooE+07 .. .69noonoF407 .6q«nnii()F4n7 

-tfeSfiCOJJPF + OT, . „ ,69flOOOOE4n7 ,69flO(l00F407 


H O ISTANCF BFTWFEN NASS AND ELASTIC AXIS ( INCHES) 


0 . 

JL, 

-.197R25nE400 


0 . 

^ t 

-.ie 23 oonE 40 o 


0 , 

-.3746667E-ni 
-.161 1200E400 


.14?OOOOF»09 .1420000E409 .5ieOOOOE409 , 2000000E409' ' 

.4356SOOF409 . ..4581 J25E409 »j4713500EtO9 ,4845a75E409 

.4919S20E40P .4750080E409 .ABSabeoE + OR ” .... .4434800E409 

.3900080F409 «3773oOOE409 , 3646260F409. .3529770E+09 

.319)llBt409 «31?2?POF409 ,3ft53445E409lJ H .298461 OE*09 

.2709270E409 .2640435F409 '.2571600E409’ .250276SE409 

.2391 1S0F409 .23»7620E + 09 .... .2384090E4Q9' .?38Q560E4fl9 

.?3794S6E4n9 . . . ..^?370984F409 .2362512F409 ,2354040E409 

,2340n0PF4n«» .2340000E+09 ... .2340000E409 ,2340000E.4'09 ' 

.2340000L 409 .2340000E+09 .2340000E409 Il__ ,234n000E409 ' ' 

.2340000E409 .2340000E + 09 .2340000E + P.9 ~ , 2340000E4 09_.|| 

.2340000E409 .2340000F409 .2340000E409 . . .2340000E409 

.2601292F409 .2731O20F4O9 .2830000E409 ' .2B30000E409 1 ‘ 

.283OOO0E4O9 _. . .283nonOE409_ .?fl30000E.409L ^ ' .272(1730E409 


.1660000E409 ,1666bboE*09’ " ,S'i 80000E4b9 ; .o3b"3000 0E4‘(>9 

,9ll5nO0E4O8 , .7737425F40B .6493100E408 ,7 .'.1»5248775E4 08' 

2.359 ).60.Et08 ... . ?06H6.4QEiA.8. . 1 77P220.E4.n8 . 1587600E4Q6 ' 

.103340BE408. ., .. .,91480007407.. „. .79861287407. , VS54656E407_ 

.69HOOO0E407 . ..,698OnO0E*(|7 . .6960000E407 ,6980* O0E4O7 

.69BOOOOE407 .h^SOflOOEtb?. .69fl00Q0E40 '7 .690(11007407'' 

.6980000E407 .6980000E407 ,69800007407 . 69800007407 

,69800007407 ,.69800007407 .69800007407 .69B0OOOE4O7” 

.69BOnnOE407 .6980OO0F407 . . ,698OnOOE407_ ..J ,698000nE + 07 " 

.69800007407 .6980000F+07 .6980000E407 " , 69BOOOOE4 07* 

.69HOOOOF407 .6980000F407 .6980000E407 .69n(1000E4Q7 

.69Pn000E407 .. .<^960000F + 07. .... . .6980000E407 , 6960000E407~ 

.6980000E407 .6980000F407 ,6980oboE407 . BOBODOOeVo?' 

,69800007407 .69800007407 .6980000E407 ... 1_ , 6980 OOOE4 07 


<*4 ... J„ . 0 .,.. 

-,l?9Sn00.F400 . -4.1581125E400 . -.17135007,400 jL84SB7SE400 

-.1701200E400 -.21248007400 -.2456440E400 " -.207520 OE^OO 



H 

00 


‘ ^ I1»,16*>30,60|;*00 . -,l6fln000f-+00 -,16noOOOK+flO -.1600000E'»00 

r.l6 00000E-»00 r.« 1 71376nF.tno -,Ifit13?00F*n0 , -,?052<S40E*OP.. 

~,?73o400E*on -.2fl'5<}a4o'F+oo -.aofiqaaoF+no -.323n720E+ob’ 

* ~ .391F4flOF»fln „ -.3202‘J‘^OE + nO -» 1 B'JaftOOF + On -.6042‘jftOE-Ol 

.StlOQOOOE + On .i^OOOOOE + OO ,3<)OOOOOE+00 ,36061 BOF.^flO 

,rt2039S20E + 00 - . 3000000E + 00 -.3000000E + 00 -.SOOOOOOE + OO 

& -,:jooonooE+oo -.soooooof+oo -,3oooooof+oo -,3oonoooF+oo 

rj30.O00O0E-t0O -.3000000E + 00 3000000E+00 . 3000000E*00' 

r*3000000E + 00 -.3000000E + 00 JOOOOOOF + 00 " -.3o00obof *00 ’ 

© ::.30p0000F + 00 r«29602S0E + 00 -.ISIQOOOE-Ol ,26R?450F»00_ 

j76pboOOE + Op ,7600000E + 00 . 7600000F + 00 ' i7600000E + ob 

.-,3000000E + 0’0 7..3000000F + 00 -.3000000F*00 ’ 


, ^XWISi~OF”'THE'~BLADE NOT INCLUDING THE COLLECTIVE PITCH (DEGRFESI 

o 7' ; _ \ ; 

0 » 0* 0, 

© 0. 0, -,3O7?267E~01 I469000E«00 

■ -»61 1 903SE*Q0 -.7279960E*n0 . -,64406?4F.*00 -j96012ft6Ei08. 

-,14_24394E»0l 1S40461F*01 1 6S6B27E+01 ' i77?76bE*bl 

© rj.?237fl59E*01 . . -,2353973E*01 -.?470H0F.«Ol '-,2S86247Eilil 

:ii30Jj0795E + 01 -.3166932E *01 -,3263(I60F*01 -,3399206E*0I 

r:_,3863754E*6l . -,3979a91E*01 -.4096020E+01 -,4?| 216SE + 01 

- j46767B7E*01 '^7930 1 2F + 01 -,4909?3ftF*01 -,502b453E*0I 

■“»5 4a97I6'F*0f ■ -.S605609F + 01 * -.9721 946F + 0 1 -,563fiOft3Fio 1 

r.j630?63rE + gi -.6416766F401 -,6S3490SE + 01 -.666) 042F4f)\ 

r.s7n9690E401_. .. . .-•723l72fE*0l 73'i7664F4 0 J 7464001 F*01 

r.t792B549E*01 , . . _:;.80446a6E+01 -.rtl6ft«?3E + 01 -,8276960E*0l 

“.fl741508F*0i -.aH^GABE + Ol -.8973871F.+01 -,9090097E»01 

r.t2§54754E + 0l -.9670870E*0) -,9786986F.+0l -.9903] 03E40I 

1048427E + 02 1 0600QOE*02 


HA'ss'mO mENT of INFRTIA about THF chord (LH-SFCtt»2) 


0. *.77 - f’* 0, 0. 

w 0» 0. ,1776280F-0? .1684600F-0? 

« i?4?6250E-03 ,78964006-03 ,64!i6I60E-03 .9378080E-03 

w . .2776B60E-03 .2480040F-03 .2?1680nE-03 

* .154V760E-03 ’ ,1500000E-03 .1500000F-03 .1500000E-03 

•z .1900000E-03 ,1500000E-03 .1900000F-03 .I500000E-03 

7 .iSbOOOOE-03 ■ .16700BOE-03 .20054UOF-03 .2340750E-03 

* ,-34b0'006F-O3 ■ ■ ■' .340000QE-03 .3400000F-03 .3374160F-03 

s " .17644R0E-O3 . lSOOOOOF-03 , 1 9onn00F-03 . 1 500000F-03 

4 ^5 1900000E-03 . IBOOOOPf-O:! , 1900000F-03 .lhOOOOnF-03 

» ~ ^ rBO"OO0Ofe-O3 ' _ .1500000E-03 .1900000F-03 .1900O00E-O3 

,'lSOOObOE-03“" * '.I500000F-03 . lSOflOOOF-03 . 1 BUOOOOF-03 


-,16OO0OOE+OO ... . -.1600000E+00 -.160 a000E*00 

- , 222 2080 F4 00 - .2 39 is2 0E4 o6 ...asab'paoE^oo 

-.340H160’e4*OO -,3577606e + 60 _ 3747040E400 

.R901000E“Ol ,22844S0E400 ,3678ebOE4bO 

_,2344740F+0 o' .,.a833200E-b I - ,'578100 0^7? L 

-,3UOOOOOF400 -.300o6oOE 400 _ -,36bobOOE46o 

-.3000000F + 00 *7 -.3000000E400 3000000E‘+6o 

■-.JOOOboOF + OO'T rj»3nOflO09E + 00.; l-iSOOOOOOE+O^ 

-,3pbdflo’oF4bo -,3ddnoboF46o -,3oo‘b6‘b6E*oflL 

7'.54588obF*o6_7__ ”,7600060E*00’ ^'.*760 00 00 E*;^ 

i76b’OOOOE*00 |“,7600p00E+6b 523620 o'lioo" 


0. 0. 0, 

_ J^,2632?77F*00 _ - ,3794530E+00 ^,49S6782E+0^ 

=..1076f9ge*di -tU9?262E*oi - . j 30a32a E*b''l 

_ -,i889?5pg*01 _-,2ob5726E4bl :t,2121793e*0L 

-,27023a4e*'dl -,28ia52lE401 .-,293465aE40J 

_-,3515343F*bl -,363148bF*0l r*37A7617E + 6l 

-,432830?F*bl_ -,A444439E+0l .-.4560576E+0 1 

-,514l5i9E401 * -,5?57586E*01 -,5373652E40t 

,__-,5954220Ei01 .-.,6070357E + 0l .«,61864.94E*bL 

..-,6767l79Ft01 _ _-,68833i6F*bl -, 699‘9453E4 0 1 

-.75801.3BE4 01 -,7696275E + 01 r. 781241 2E*0 1 

-,8393097E*01 -,8509234^401 862537 lE+OL 

-.9206322F401 _ . -,9322521E40l .s»943363eE401_ 

-,100l?2?Ft02 -,1013534E402. 1 025153E4 02 


• 1538313F-0? .I33975d^E-b2 ,li4il8BE-*b2 

.4700320E-03 ,4046760E-03 ,358oao0E-03 

.2005000E-03 .1795920E-03 . 1 668840E-d3_ 

.1500000F-03 ,150000nE“03 .1500000E-03 

.1500000F-03 .1500000E-03 , 1500000E-03„ 

.2676100F-03 ,301 1450E-03 _ _7_*‘,33468OOE-03_ 

.2971740E-03 .2569320E-03 .,21 66900E-03 

.lbOOOOOF-03 .150OO00E4.03 ■ ■ , i500000E-03 ' 

,lb00000F-03 ,1500000E-03 ,1500000E-03 

.1500000E-03 .lSOOOOOE-03 * , 1500000E-03 ' 

,I500000E-03 .1500000E-03 " " ,1500000E-03 






H 

Cn 

O 




o 


& 




^ ''mOD^MUMRER^ r: I FPFQ. PAD/SF,C = 43*5»7ftl .----- 


FRF04 HFRTZ :s 6.8867 _ ^ .NONtOIMEN, FREQ# 9. 2B(n„ 




o»Q0o o fl-j'ona ^ *1800 


>0200 .0004 


>0400 .0015 




► 0600 


_j^0f 0^ _.f0 052 , .2600 

Tip 00““ , o o 7 b* 

‘."1200 '",0115 


‘.1600 '.0233 


STA X/). 

DEFLN 

STA K/L 

FLAPWISE 

OEFLN 

deflection" 

f5TA_X/L 

OFFLN ‘ 

sii. X'/L 

DEFLN 





- 




.inno 

.0319 

.3600 

.1671 

.5400 

• 4005 

.7200 

.6300 









.aonn 

.042S 

,3fl00 

.2095 

.5600 ’ 

.4?5b 

“;T400 

l656“l 

.2?on 

.0561 

.4000 

.2324 

.5B00 

.4506 

Vf600 " 

.6622 

.2400 

.0h‘»/> 

.4200 

.2556 

.600n . 

,4758 

■.780 o' _ 

!T. ’ ‘*7QB’4 * 

.8600 

.0550 

.4400 

.279? 

.6200 

#?qi.3, 

.'iB.00p._ 

n72\7^_'_ 

«8fl00 

,103<» 

.4600 

.3030 

.6400 

.S?6? ...". 

.8200. _ 

.7610 

.3non 

,1?33 

.4800 

.3270 

.6600 

.5524 

,8400 

. _,f7B75 

.3?00 

. 1 43h 

.5000 

.3513 

.6800 

.5782 

',8600 

.B139 

.34on 

.1651 

.5200 

.3758 

.7000 

.6041 

’.8800 ■ 

^8404 


« « « U ft « U 4» « iV {} it ^ it « {} <» il 4 ^ ^ « « « « ft i» « tf «^ <} « tl 0 <> i^ «i» if « |» ft tt if « <^« «« *0 ttV4»«0 «0 «• # « |» 




cn 

w 




FREQ* RAn/qrc =S 43*J>701 


NON-DIMEN. FREQt, = ?t280l 


^ MOPE NUMBER = I FREO* RAO/SFC =s 43*J>701 FRFO. HERT7 = . 6. 8867 

® ?i^ft.^ftftftftft.ftftftftftftftftftftftftftftftftftftftftftftftftftftftftft^^^«^^^<^ft<^^^<^««tt<»ft<^tt^^^«^^tt««^^^^tt^*^f^^»^*i^tt^^^^tt^^^^tt^^■tt^^^^ttitt^^^^tt^^tt^^#«^^#^^<^«^^ 4 ^^^^‘tt^^S?^^^ 


. . ^.T . 



STA X/L OEFLN 

STA K/L 

PFFl.N 

STA X/L 

DEFLN 

STA X/L 


0,0000 0.0000 

.1800 

.0234 

.3600 

• 022 B 

.5400 

& 

.' 020*0 1 ' 0'029 

. 200,0 

.0252 

.3800 

,.0217 

»S 600 


- - • 







.0400 .0058 

.2200 

.0260 

• 4000 

.0205 

... .5800 




' 






.0600 , 0 0 fl 7 

,2400 

,0264 

• 4200 

• 01 R 3 

^•6000 










.OBOO ~~ ■ .0117 

.2600 

.0264 

• 4400 

• OlBl 

, 620 ft 


.1000 ' ”oi 4*7 

.2800 

.0261 

• 4600 

• 016 R 

.6400 


.1200 ■” '.oiVb 

. ,3000 

.0255 

.4800 

• 0156 

,6600 


.1400 .0201 

.3200 

.0247 

• 5000 

• 0144 

, 680 ft 

12 







11 


* 


, 



n>. 

.1600 . 0?22 

■.3400 

,0233 

.5200 

.0131 

.7000 


.5400 .niiB * 7200 . “•poo2 .9000 •rToi?!! 


,,oo.?a »|6oo ji..oo29 .9 400 ..r.oisX 


,6000 . .0070 .7000 ' " -.00 43 '".9600 ~ -'.o'l OT 


.6200 »006^_, ,B0P0 r.0056 ,9BOO >. 0180 


,0038 „ . ,8400 ._t,OOB4_ 

,no?5 . , 6000 .. r.nooB, ,_ . .J^'. 


.0011 . ,6800 -*0111.. 


^ »»<> <t <>»< > « tttttt «« tt ft »» B ft tt ft)) It it it It a <t»<t (>»»»<» <t <><>» <t <>«»«»« ft <>»»#«»)> »«#»»»»»' 





H 

Ln 


C ^ 


© 


MQPF ^NUMBER ^ 1 FRFO* RAO/«^EC 43.?7ftl 


FRFO. HERTZ = 6*8867 


NOW-OIMEN,. P'REQf. S 9,880X. 




Sof 

SfA“X/L’~ 

! pffl'n 

STA X/L 

oefln , 

STA X/L 

TORSIONAL 

OEFLN 

npFLECT 
STA X/L. 

ION 

offln 

’V.»^TA A/I 

OEFLN 

STA’ X/L‘^ 

oe>ln” 












0 









“ 



— - 




0.0000 

-•0000 

• 1800 

-•noon 

.3600 

-•0000 

• S400 

-.00.00 


^’.0000 


-ibOOG"' 











® _ 



.2000 





" 

*■ 





— ., 

.0200 

-•0000 

-•0000 

.3800 

-•0000 

• 5600 

-‘.0000 

.7400 

-.0000 

i9200 

-tOGOO 















_ 












■ ‘ ■" * — — - 

_■ - 

.0400 

-.0000 

.2200 

-•0000 

• 4000 

-.0000 

.5800 

-^oooo 


■-ioooo "■ 

,9400 "■ 

“V.OOOO 
















-.0000 

.2400 





' 

- - * 

“ ' 



— -* — 

,T 

• 6600 

-•0000 

.4^00 

-•0000 

*6000 

-.0000 

.7800 

-.0000 

■ ■■.■9606 ■■■■ 

-.0000 

. 

, . ^ 











<J _ 














^ m ^ m 



• 0800 

■-'.0000 

.2600 

-•0000 

.4400 

-.0000 

.6200 

-.0000 


™-Ioooo 

■~,'9BOO"" 

QOQO 




























•To'*oo 

7.0000 

.2800 

-•0000 

.4600 

-.0000 

.6400 

-,oo.gp. 

.r8?8o 

-.oo’do 

iTaoDO 

”.^aP )0Q ~ 










‘ 














•fZQO _ 

-.,0000 

.3000 

-.0000 

. .4800 

-.0000 

.6600 

-.000.0 


' -tOOOO 











>.f. - ™— -— - 















* * 


.1400 ' __ 

-.0000 

.3200 

-•0000 

.•iOOO 

-•^0000 

.6800 

-.0000 

,pR600^ 

-.0000 

* 

— 

\2 







. - 

11 









• 




10 

•1600 • 

-.0000 

.3400 

-•0000 

.S?00 

-.0000 

.7000 

-,oooo' 

. ,8800 

* -To’obo 

“ * 

— m, 




* <MHt "IMHHt ■» ■«■ <HMH> IHJ <MHJ ttlHt # <HMI- tt -ft -ttO *HHHHHJ <HH» |Ht » IHHJ # # # iHMMHHHHJ- 




H 

in 


sa “ 


& MO PE ‘n umber ='g'" FREO, RAD/SEC = 1}7.I)17«5 VrEO, H£RT7 = JB.6P39. ' NOM-OIME.N, FREO. ?. ..25..0965 




o 

- ■ 


• 



FLAPWISE 

DEFLECTION 

, 

■ 






STA X/L 

DEFLN 

STA x/r 

nEFtN 

STA X/L 

OEFLN 

STA X/L 

nFFLN 

STA X/L 

OEFLN 

STA X/L 

DEFlN ■ 


























\ 


0.0000 

’d.n'ooo 

“VlflOO 

-.1136 

.3600 

-.5939 

.5400 

-'.B957 

.7200 

-.5145 

,9000 

.3885 














& 








* 






ioYoo 

“. 00 r4 

.2000 

-.1501 

,3800 

-.8511 

.5600 

-.8867* 

.7400 

'-74357 

^9200 

.5085 




























.0400 

-.00S3 ' 

■'.‘2200 

-.1930 

‘.4000 

-.7050 

.5800 

-.8863 

.7600 

-.3507 

.9400 

.6303 























. 






iosoo 

".one 

■""2400' 

-.2415 

.4200 

-.7544 

.6000 

-.8411 

,7800 

-.2598 

.9600 

.7531 














) 

— 













.0800 

"-Voi90 

^'_.2600 

-,2950 

.4400 

-.7983 

.6200 

^,8065“^ ^ 

.8000 

.Jl* 1.6331 

*• '"‘■.9800“ 

• 07‘6’5 

' ’ 












' 















Tiooo 

7.02,83 _ 

'.2800 

-•3524 

.4600 

-.8.353 

.6400 

-,.7620 ‘ 

..ia 2 qp 

TjjOftfU 

~ ~r.OQO0~ 

~i.oVdo 

























4 

S. 


rrfoo 

y .pXTe ' 

«300p 

-.4123 

.4800 

-.8644 

.6600 

-.7106 

.8400 _ 

.0449^ 


„, ,„,, . ^ 












, 

. — rf. , , -1 













. . * ' 


.1400 

‘-.0B97~ 

“ 3200 

-.4734 

.5000 

-.8845 

.6800 

-.6524’ 

. .,8600 



! 

12 












‘ ^ ,/ • 

n _J 











, 

. . ... . 

10 “ 

rr6o“o 

3 • Oft 36.' ,, 

‘_.3400 

r.5343 

.5200 

-.8950 

.7000 

-.5868 

',8800 

.2707 

... 


f 








. 




_ . ■ T 

t 









, 

„ 






ftftftftftttftftftftftftftftftftVttftftftftftftftftftftftftftftflftftftftftftftftftftftftftftftftftftftftftft*ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft*ftftftj^ftft_ftftftJ><^ftft*^^*^*^*f,^^ 





H 

U\ 

CO 




c> 

& 

& 

W 

o 


-,W00E«NUMBE:P = a FREQ* RAD/SEC = U7,017S 


fREO. HERTZ, = ._.lflt6239.. 


^_biONrWHEN, FBEO..,=., ,, 25..096A, 


ftiHtftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftttftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft»ftftft»ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft»ftftft«HHH>ftftft 


STA X/ L DEFI.M STA X/L 

0^0000 0^0000^ .leoo* 


.0200 


.0018 


.2000 


♦0400 .0036 *??P0 

To 600 ' ,008 3 ’ _*?400 

Tolno . 0067 '^ .2600 


OEFLN 

,0225 

.0295 

.0378 

.0474 

.0579 


STA X/L 
.3600 
.3800 
.4000 
.4200 
.4400 


.1248 


.5400 


.5600” 


,1341 .5B00„ .1^84 


► 1423 


DFFLM ' 

■■ ■stA 'x>L "oEFLN ' 

STA k/L 

DEFLN 









.1579 

.7200 ,0695 

.9000 

-.0996 

. . - 

— 




.1540 j; 

TtWO " ’ .“0536 

;9200 

-.1208 


“ 







vi.^84j:: 

“;7600 ■ ' 'T0369'" 

,9400 

-.1422 

.1411 ■' 

.7600 ■ ■ ’.0193 

"■■.9600 

-.1636' 


♦ 149? ^,6200 •13?4 *.’.8000 ^1.0009 sPBO^O' rflPS?! 


• loo'o 

*0079 

.2600 

.0691 

.4600 

.1546 

.6400 

,J?22 ■ .,6200 

.“.»0i61 










.1200 


.3000 

,0807 

.4800 

,1583 

._,6600 

.1108 . ,8400 

-»0377„ 


.1400 


n 

u 

10 

♦ 

i 

T 


_.?127,.. .3200 

■.~0169' ,3400 ' 


,0923 

.1037 


.■^000 

.5200 


.1601 .6600 


.0961 


,8600.. -.057? 


.1599 .7000 ,0643 '.8600 -.0766 







(J\ 

o 













. 






o 

MODE _NUMBEB = 2 ■ 

FREfl 

. RAD/SEC 

= 117.0175 


FREO.. HERT2 

= 18.6230 

. -NOMrPlHEN 

. FRPO. a 

_ 25, 0965 ; 








i 














© _ 



























{ 







TORSIONAL DEFLECTION 




t 


STA X/L 

Pfi:f.UN ... 

STA X/L 

DEFLN 

STA X/L 

DEFLN 

_STA,X/L .. 

offln 

STA X/k 

DFFLN 

STA X/L 

DEFLN ‘ 












. 

© _ 









' 



t 


O.OftOO 

-*•0016 

• .1800 

-.0014 

.3600 

-.0002 

^’.5400 

.0009 

,7200 

afl.037 _. 

.9000 

.0038 













, 

© " 














.0200 

-.0015 

.^000 

-.0013 

*3800 

-.0001 '' 

*6600 

.0014 

; 74*6 O'" 

^To63B 

.9200 

,0038 













i 

> 

© _ 












" ” 1 


.0400 

-•0015 

;2200**“ 

-.001? 

• 4000 

.0000 * 

■ .5800 ■■ 

"‘.“noiB 

■■■ ,7600 

.0039’ 

.9400 

.0039 














z 



.2400 





• 






.0600 

-.0015 

-.0011 

.4200 

.0001 

.6000 

.C022~ * 

.7800 

,0039 

.9600 

.0039 

. 













o Z 










‘ 


' 


.oOoo 

-.0015 

.2600 

-.0009 

.4400 

.0001 

,6200 

.0026 

_^.ft_000 _ 

,0039 

.9800 

,0039< 




























• 1000 

zZfi?i?”.zr. 

_ ,2800 

-♦nooe 

.4600 

.0001 

,6400 

_,n029 


,0039 

1.0000 

.0039 














, 














• 1200 

-.0015 

_T3p 0 0 ' _ 

-.0006 

.4800 

.0001 

._,660p_ 

...»(>o??. _1 


.0039 




























‘ ' ’ 


.1400 

^^.'0015 

/V3200 

-.0004 

.5000 

.0002 

_ .6800__ ._ 

,fl_p34 

^f860q . 

_,0038 . 



u 











. 

H J 

11 












( 

10 

.1600 

~ .0014 

■' ^3400 

-.0003 

• S?00 

.0005 

.7000 

'.0036 

‘.8800 

,0038 









M 




® jEpEjj^UMiTER = 3 * FREoJ' RAD/SFC = 179*«>617 FRPO* HFRT2 s ' gfl J 5781““""'. „ NON-D I MEN# , FRFQ J 1 _ [SsTs 


& 

& 

(t# 


i? 

11 

Td 


STA X/l. 


.-.SJAjj/L .. 

DEFLN 









0.0000 

o.ooob 

.1800 

“^.0261 




— - .. 

-• 

• 0200 

.0003 

.2000 

.'•P2?.T 









.0400 

• 0014 

.2200 

.032? 









.0600 

.0032“ 

. 2400 ' 

".0333 





.0800 

,0056 

'Zr* 26ojr_ 

.0325 





• 1000 

jtPi?b 

Z iiHOO" 

.0296 

.1200 

^.0130*“ ’ 

■" '.3000“ 

,0243 


.1400 

.0174 _ ,3200 

.0168 




.1600 

.0218 .3400 

.0073 


FLAPWISE DFFLEcfioN^I ,, 

ST A X/L . DEFLM . STA.X^L _.DfFLN STA.A/L 

.3600 , -T40041 ^ *5400' 7-.iSj4g] 

.3000 - • 0 1 7 1 : 5600 j 70 3 " ^TAOV 

.-*0315 ^ __*5flOO **.1649 “^ 7600 ^ 

.420^0 ^ -*047?^_ . •AOflO. . \z*19,1?L.Z1 f7®?0ll 

.4400 ^ -*0640 *^^200 . ,tr<?9^7 ,11.1 J*S PPL 

.4600 1. - • 0 8 1 5 '7 • P A Oj)l . 1 r '^B2‘00 

.4800 -.0997 “*'_..660p_ r * ?^ Hi — It 1 

.5000 -#1182 .6800 r’.PlSl *8600_ 

.5200 * -.1364* *' .7000 . -.2099 ■*■ ,7,680q7 


DEFLN ' ''STA X/L_ 

defln! 

. 


-.2004 .9000 

.0901 

-- 


-•1B64 .9200 

.1407 


i 

1 

0 

5 

-’: 

• 9400 

■" . 193 i"' 

,1441 



“““ , 9600 ” 

.2465 


Viis 8 

.9800 

‘.‘3005 



• 0 B 29 

1^0000 

*3546 

.0454 


' - — 

. 

- - 

.0037 





1 .- 

.0417 


« « «4T» » »« 4 ^ » « » « 4} 4» 4^ «« 4 ^ « » » 4^ 4 ^ « 4>« 4} «4» it » 4( « « 4( 4» « 41 It ft 4> « # «4* « t» «« « ttfTtt 4» 




1 



H 

<T\ 


O 

& 


* *» »«> »»*»»* »»*»»**>********** ****************^*?.f ^ . 

' FREq". HEPT7.= l.'s8f57fllJIIZl__rN0N=0IPEN,„i^B'EO»-5 iS.SlAJ 


.MODEL WUMBEa.e„3 FREfl.. RAO/SEC = 179.5617 




.Siaut^J DEELM S.tA.J$/L DEFLN STA X/L 

TTnoQ Q T .'o'oo o .ieb~o~~V.'506o' .36oo 


jJilM r...g&8l ±2 0M = f 5.53 5 


.3006 


-.01.49 

-.8^79 


nPFI a " QTA X/L 

OEFLN STA” X/l 

OEFLi'l 

r 


-,7?2S ,7200 

..^.1979. .. ftSfllQQ 

....S5S.9 




.-..6.626 ' ..7400 

_r..l2.H .9200 

.6445 




• 0400 

-•1239 

.2200 

-r5985'* 

• 4000 

-.8356 

'■.5800 

-.6374 

- .7600 

-.0423 .9400 .7333 



























• 0600 

■^71844' 

.2400 

*^6408 

.4200 

-•8377 

".6000 

-.5872 

♦ TflOO 

.0389 .9600 .8221 












. 






' * ' — — p— p— 

..... 









.0600 

-.2430 

• 2600 

■-■;6'798' ' 

•4400' 

-.8338 

.6200 

-.5322 

.6000 

.1220 • .9800 . .91J1 













1 














• 1000 

-•2986 

• 2600 

_j:.7152 

• 4600 

.-•1238 

*6400 

-.4729 

__.8.20Jl 

.2067 l.OOOO 1.0000 

' 

■ 











' 











" “ " , 



• 1200 

-•35'26 

• 3000 

._j^,7467 

• 4R00 

_ -.8075 

.6600 

=*.409.5 

1 •R4.o£“ 

"'~'.?927 ■' 



















, 








.1400 

-.405S 

.3200 

_1^7_74p 

.5000 

-.7851 

.. .6600 

-.3423 "" 

“',6600 

.3798 

• 

u ' 











. 

11 












10 

• 1600 

~T4565“ 

."SAflO 

"-.7966 

.5200 

-.7567 

;7000 

. -.2717 “I 

0ooT 

V4676 








<y» 




® HI 


_MD0ELJ!lUMtiER.=„3„ FREQ, RAD/SEC s 179.S517- 


/ 


FREQ. HERTZ » 28,57fll ... 


NON-OIMEN. FREQ...B. . 30.51O3_ 


■ ■ 


ftftftftftftVfttt ftftftftft'ftftftftftft"ttft^«ft»ft«ftttO»««»ftftttftftftftft«ftft'ftftftftftftft»ftftftftftftftftftgftftftftftttftl^ft»*»******>»****** *ft**** **************'** *** ***** ******'** 


m 

«» 

4^ 


w . 

« _ 

10 ’ 


STA X/L !3Ef.L!i» S.IA . X/U . _. 


O.OOQO -.0 005 .1600 - 


.0200 -.0 0 05 ilO 0 0_ 

.0400 “"6 6 b 5 72200 " 


.0600 ~t0005 


.0800 -.0005 


_j,2400 , 

",■2600 


.1000 -.0005 


.2800 




, .... 


■ ■" . 

” -ft * — **. — 

" 






TORSIONAL 

deflection 






. DEFLN 

STA X/U 

OEFLN 

S.TA .X/U 


sja”x/u 

DEFLN 

STA X/L 

DEFLN 



















*-.0004 

.3600 

.0013 

.5400 ' 

■^‘OOAS’ 

l72bb"“ 

.0064 

.9000 

.0071 





















-.0003 

.3800 

.0016 

.5600 

TooTs' 

.7400 

.0066 

.9200 

.0072 

’ 

















. 




*7,0003 



j5800 

.0046 

' .7600' ' 

.0067 

.9400 

.0072 



















■*-,0001 

.4200 

.0023 

.6000 ' 

. 0 OS i 

.7600 

.0068 

.9600 

.0073 













’ 









' fPOOO 

,4400 

.0026^^ 

#6200/ 


II-IKeooI 

7o069 

.9600 

T0O73r 





















'_,bo63‘ “ 

^Aeoo’ 

.0“p3*ft”J 

I'VeAQsT 

,0056 

.8200 

rb'o^ 

l.OQQO. 

.0073 

. 





















” ,0005 

.4aon_ 

.0033 

_,66p0_ 

I loose' 

Hl.eVooI, 

..Lift 0019. 













” .0007 

♦sooo 

.0037// 

.680^0* 

~ ~"‘'.006D~ 

._,86"Q^. 

.0070 















' 








.0010 

.5200 

.0040 

.7000 

,0062 

' .. I.eeoo' 

'■.0070' 





ft flftft* 5ft «*«»«* ft ft fttt ftft ft* ft* fttt »«'«« ftft «« ft ft ftft ft ft ftftttftft ft ftft ft ttft ft* ftft ft ft ftftftftftftftftftftftft* ft*** ftft ***************************** a*************** ******* 
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03 


^ T^^ UHBg^~4 ^FRE R . RAD/SEC = 2B0.71R7 FREQ, HFRT7 »_. 739, .9033 ' " NOR-DIMEW.'' FftEoT' g '" 53,7T U 

^ ■ '7.“" FLAPWISE DEFLECT I OM ' . 1 ' ’ . .'7 

STA X/L OE FLN 31A.}(dL OEfLN STAX/L / DEFI,N STA.,X/U PE5l=N STA.XA DEFI.N J.T* .X/k QEEk^ 


.0^0 ~Q lfl O , 2400 ...,3257 ,4200 

,0600 ,0293 ~.26Q0 ' ‘.3657 ,4400 

~,~io'^ loTaF " ~,~2 'boo ', 4443 ' ,46oo 

Ti200 ,0628 ,3'o bo ,4965 .,4800 


3600 

' *6109 

.7,5400... 

^'.T39s:tz_ 

..J20b7 

3600 

.6253 

• 5600 

~ ■ Vnoea" ‘ 

"17400 

4000 

• 6255 

^•seeL 


',7600 ' 

4200 

• 6)Q_Q 

,600o7' 

-,£654_Z 

'.TflOO 

4400 

,5773 

.'62,5o7 

"-^3999 

-.BPOOI. 

4600 

,525.9 

. ,’.640o!." 

ZZ75269.._„ 

!'*’Ia2oV 

4800 


. .,660o7 

Z."-,6.422.Z ■- 

^04PoT 

soon 

.3662 

,6600 . 

.. .-r.742J _. 

.6600^ 

S200 

,259? 

.7000 

\ 

J-tB230^. 

• BBOol 


3 . 9 0 06 ,9600 . 5223 

i, 8467 ' '.Vaoo 

i,T66er73Ta.Q0A Ji'oiiQ'il 

u6g3g7Z~ ' 71.ZZIZI-' Z7Z 


~tt'6 <HHHHt<HHHHH><HHHHHH>»«HHHHHHMHHHHt» it »^H»tt^HHHHHt^H^«t^t^Mt«tt^t«^HHHHH^^^^»^>^HH^I>^HH>^Ht »»»»»»»«« »<HH»<HHHHHH>« »»»«>» »<>»»** 





•-J 

O 


n 


((# 


h 




12 _ 
11 ] 
10 ' 

»' 

1 
7 

4 

5 
4 

2 * 


MODE NUMBER s 4 


FPFO. RAD/SFC = 250.7197 


FREO. HERTZ. = . . 39..9033 ^ NON^QIHeN. FREQ._ » 53*7714, 




CHOROWISF DEFLECTION 


STA X/L OEFLN STA X/L 


O.OQQO 0.0000 .1800 


.0200 


.0400 ■ .0125 


•0600 .0164 


.0800 .0244 


.1000 


.i0302 


.1200 


il600 .0376 


!1A X/L 

7 OFFLN 

STA X/L 

02FLN 

STA _ X/L *_ 


■,'18o3“. 

.0362 

.3600 

-,0137 

^.5400 

7.0560 7 

~.'gQ'no"~ 

»0327 

.‘3800 

-.0149 

.5600 

.,■ 07277 ; 

72200 

,0276 

.4000 

7,0140 

.5800 

.08937 

7.2400 _ 


.4200 

-,0110 

.'" 6,000 

;ios' 2 ~ 

■.26oor‘7 

.0140 

,4400 

-.0056 

.6200 

.J125_ 

,2800 

^ ,0067 

.4600 

,0023 

. .6400“ 

.I3i87 

-.3000 

. 7,0002 

,4800 

,01?7 

,.6600 

.14J5„. 

_.3200 

-,0061 

,5000 

.0253 

.6800 

,1482 , 

'.3400 

-,0l(l7 

.5200 

.0400 

.7000 

.1513 


,7200““ 

.1507 

.9000 

-.0326 









,7400 

~1'461 

.9200 

•••0666 









,7600 

' 71374 

- ^9400 

-.1059 


.... 

— 



,7800 

.1246 

.9600 

**.1441 


•*- ' * 

- “ , 



l80P^_ 

tlQ76 V 

.9800 

-.1826 ■ 









;820llJ 

.0.865 

Uo>.o£ 

-.22.4 

- 

■ . 

— 

> 

.8-40 0_. 

J-_.Q6i67.,_ 




\ 

- 

• 









/mode’ NUMBER = 4 FREO. RAD/«;p-C - ?*^n*71R7 FMFO. HERTZ - 39*9033 ' W0N~DIMEN*/FREQ#^ 53*7714__7 / 




‘ — ■““ * * “* ■ 

* *• ■ 


























TORSIONAL 

DEFLeCTION 




STA X/L 

DEF^N 

STA X/L 

DEFLN • 

STA X/L 

DEFLN 

STA X/L 

r»FF_LN 

.STA .X/L _ 

DEFLN 

STA X/L DEFLN 









* 

^ ^ . L 

0«0000 

-.OIBO 

• IflOO 

-.01.31 

,3600 

.0059 

• 5400 

.0336 

.7200 

.0505 

.9000 ,0518 



" 










~~ ' 










.0200 


• 2000 

-.012? 

.3800 

• 0089 

• 5600 

• 03B8 

.7400 

• 0515 

.9200 ^ ,0622 












" 










«04b0 

-•0149 

.2200 

-.01 10 

• 4000 

♦ 0120 

• S800 

.0381 

• 7600 

.0523'“ 

■■ ,9400 .0528 

— 










- - 

.0600 

-.0149 

.2400 

-.009S 

• 4200 

• 0153 

• 6000 

.0402 

,7800 

• 0528 

.9600 .0532 























*ORbO 


.2600 

-,007S 

• 4400 

.0107 

.6200 

•0423^ 

,8000 

*“'11)530 

.9800 .0532 
















/ 






.1000 

, -.0X47 

.2000 

-.0061 

.4600 

' .0222 

.6400 , 

.0443 

#B?00 

0.530 „ 

1~0000 ■ .05 30 





















• 1200 

_-.014*^ 

.3000 

-.OOZ-j 

.4800 

.ozoo 

• 6600 

• 0461 

• B4p0/“ 

.0528’ 











. 

• 1400 

.,-•014? . 

.3200 

,000? 

.soon 

.0206 

.6800 

.0478 

.8600 

. .*0524 











, 







.. 

• 1600 

-.013R 

.3400 

,od.30 

• saon 

.031? 

.7000 

• 0492 

• BBOO 

.0519 


; 

_ .. 







H 




0 ^ 

( 

■> 


h' 


\2 

II 

10 


FREQ, hertz ?.. 52,5^3'^ NON-DlMpN, FREQ, s .70,77^ 


ttOOejilUMBER = S 


FREO. RAD/SEC = 330.0171 


44 «*« »»««» i'*T» *» *i*»^*« tt*« oo »»»*«*«»« »<t «o **»*****«**»»**»« *****^«****«***?*****lt???*''’*?^****'**~.*J15^™*-*** -****** •**** ***yj* *L. 


FLAPWISE OFFLECTIOM . 


0.0000 0.0000 


.0200 .0001 


_.1800 

■.2000 


.0600 


.0006 .2400 


.oaoo 


.0009 .2600 


.1000 


.0013 .2600 


.1200 .0016 


,1400 


.0024 


.1600 .0031 


.30 00 
',.3200 
',340 o' 


OePLN 

STA X/L 

OEFLN 

STA X/L 

RFFLN_ _ 

.STA.X/U . 

♦ 0037 

.3600 

.OOlfl 

.5400^ 

-.01037' ‘ 

.<2200''.I 

♦ 0042 

♦ 3ft 00 

f 1 

.0009 

_.560p7” 

-.0'1?0 

_",7„4£0_"' 

♦ 0046 

.4000 

-.0001 

,5800 

-.0130 ' ~ 

_ j7600 

♦ 004Q 

.4200 

-.0010 

.6000 

.-^013J 

■.7800" " 

• 0049 

.4400 

-.0020 

,6200 

-•01 1.9 ".'I 

/.fl000““ ' 

♦ 0046 

.4600 

-.0031’ 

^,6400 ■ “ 

■-^oboo 


• 004? 

.4ft00 

-.0046 

.,6600 

_7tQ06l 71 

.rood” 

• 0035 

.5000 

J.0062 

.6600 

-.0016 

'.,6600 

.0027 

.5200 

-.0062 

i7000 

,0036 

,8800 


>.0461 


".0 292 . '96 T0 r»I6Pi. 








H 

G\ 






mode: NUMRPR = S FRFO. PAD/SFC = 330, nm FPFO* HFRT? - B2*5?3R NDN*0IMEN. FREO# » 70*77fla7-.-Lr -.-.T 


^ ftftftft ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft<^ft»ftftftftftftftftftftftftftftftftftftftftft<>ftftft»ftft»»»<l<»ftftftftftft<tft»Oftft»ft4>ftftftftftftftftftftftftft0ft<ftftftftftftftftftftftftftft»ft ftftft 







. 























v,> 






CHOROWT.SF 

neFLECTION 







STA X/L 

DFFLN 

STA K/L 

OFFLM ' 

STA X/u 

OEFLN 

STA X/L 

riFFLN 

, STA X/L 

DFFLN 

STA X/L 

DEFLN 


























0.0000 

0.0000 

.inoo 

-.0013 

.3600 

-.0004 

.6400 

.0028 

,7200 

.0002 

.9000 

»ohaa 
















y 









.7400 






.0800 

-. 0002 ‘ 

.2000 

-.0014 

.3fl00 

-.0001 

.6600 

.0032 

-.0008 

.9200 

.0035 













'' 



w 















.0400 

-.0003 

.2200 

-.OOIB 

.40qo 

, 000 ? 

.5B00 

.0036 

,7600 

-.0017 

;9400 

•*00'6'7 















- ; 






' 




-.'oops ■' 





.0600 

-, 000 s 

,2400 

-.0016 

.4?00 

.0005 

.600 0 

.*0035 

,7600 

.9600 

.0102 









\ 















.00 34' 







« 0 B 00 

■;^;0007 

.2600 

-.0014 

.4400 

.OOOB 

,6200 

. 8000 _ 

-.0031"' 

1^9800 

.0140 . ^ 































.1000 

■'-.pooa 

.2800 

-.0013 

: .4600 

.0011 

.6400 

^0031 

*8200 

-.0034 ~ 

/. jLtOQ6^. ’.~ 

‘ f ‘ZZI 






























L 

.1800 " 

-.0009 

.3000 - 

-.Ofll'l 

.4BOO 

.0015 ' 

.6600 

.0026 

,8400 

-,0032. 




1 



, • 

























.1400 

-.0010 

,3200 

-.0009 

.6000 

.00)9 

.6800 

.0019 

,8600 

-. 002 S , 




12 














11 














10^^ 

■' ri" 66 o' 

-. 001 ? 

.3400 

-.0006 

.62>00 

• 0024 

,7000 

.0011 

,8600 

-.0012 




» 

t 
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1 . il 


MODE NUMBER = 5 


FREQ. RAO/SEC = 330.0171 


FREO. HERT? = RE, 5239 . 


NON-DIMEN, FREQ..P . 7n."77^2 II. 


•3 


»*<*** ****o^**”*n>»?<n*ggggg»g<'ggggggggggggoggg«g«g»»oggg«gg«gggggg«g»g«gttggg«oggttgtto»gg«g«ttt>g«g<>gg«goggg«gi! g gggggggg 




— 

siA xa’ 

L. .QfiFLN 

STA X/L 

DFFLN 

^ I 

— , 

“ . . - - 

. . . . 



0 . 00 o'o ' 

- ^-•^751 _ 

. . .1800 


^ _ 

— — . 

" 



— 

^ To 2 o'o 

‘'“'-.274'0' ' 

.2000 







— 

.o4oo ‘ 

_J-.2724 

,2200 

-.2004 

t J “ 






- 

.06'00 

;_-^.27l7 

,2400 

-.1734 

) ~~ 

Toaop' ~ 

' ,,-.2709 

.2600 

-.1390 

— 

• lono 

^/-.268fl 

,2800 

-.0973 

— 

■;i 266'“ 

2653 

.3000 

-.0520 

— 

.1400 

,-.2599 

,3300 

-,006«3 

12 





II _ 





10 2^ 

716Y6' ‘ 


.3400 

.0391 


♦ 

t 


TORSIONAL OEFI.ECTION 


STA X/L 

OFFLN 

STA X/L 

DEFLN 

• 3h00 

.0845 

.5400 

,4738 

.3B00 

.1298 

.5600 

,5130 

.4000 

.1748 

.5800 

.R5U 

.4200 

.2V96 

.6000 

,8881 

.4400 

.2637 

..6200 

,'6240 

1 

.4600 

.3073 

.6400 

.6R87 

• 4800 

.3503 

.6600 

.6921 

.8000 

V^9?5 

.6800 

.7241 

.5200 

.4337 

.7000 

.7547 


STA X/L .... DEFLfc!.. ..lsT.r.X/L.IHlQEELN. 

,7.20.0 ■ '.7fi.3L9.”.l_’ .9006 ~'~79717 

.’ .*7400' '.., 91 .) 6 . r_, 9200 ~ .9B23~ " 

. •7400__. .0 376 "' ' ;94 QQ "' ".990 3 

» 7'?"® .. !. ifi*?! 1* 96 00 i,99 5 9 

,B000 . ,.j9a0p„ '"",998 9 

,8200'", , ;|9Q^0 iTo'OO Q Tro'oo'o 

.8400 ■ „.9?53 

,8600 ,9428 ^ | 

.8800 ,9S«4 


^ ___J?^^^?^^*.**.*?**®**** '***‘****•'***4**®’* ****** *g*gg*gg“«*gggg«*«ggg*ggg*g*g«g*««g***gg«*g*««**»fl*«***« »**«**«»«»»»««**»***»«*«»«*»■»’»•* 
« . . . . _ . , . . 





00 

o 




r„/.M0Di NUMBFR = 6 FRFQ. PAO/SFC = 394.??«3 FREQ. HERT7 . 6^,7434 . , NON-OIMEN, FRFQt„H-.. 84*5494. .. 


^ »<»<» »tt It it it <> <t ft » 4» « » <1 »<>»<»»»<» u^t <><» <><> It It »#»<>-»» 


FLAPWIse DEFLECTION 



SXA H/L. 

- OEFLN 

STA X/L 

OEFLN 

STA X/L 

OEFLN 


o.booo 

o.nooo 

.lAOO 

.4926 

.3600 

.8379 


.020 0 

7*8074 

.2000 

.ftOftB 

.3800 

.7135 


.b“4o6 

. .0285 

.2300 

.7243 

.4000 

. .5614 

' ') 

'.0600 

.0615 

.2400 

.0310 

.4200 

.3B8S 


'iosoo 

.0999 

.2600 

.91HR . 

.4400 

.2030 


.1000 

'\1467 

.2000 

.9774 

.4600 

.0144 

h' 

.1200 

_ ’7. *^093 

.3000 

1.0000 

.4800 

-.1667 

13 

11 

.1400 

.2RR6 

.3?00 

.9H3‘) 

.5000 

-.3290 

10 

• 1'600 

.3B41 

.3400 

.9?9? 

.5200 

-.4622 


* 

t 


j ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft 

4 

3 

4 

3 * '” ' ' 


STA X/L 

OEFLN ,... 

STA .X/L 

.. ...DEFLN.. 

..-..STA.«X/L.- 

_D.EEUi. 







.5400 

, '4.*5P90 

.72.06... 

, _„»1.042 

. jiROOO 

.2970 




‘ 


.5600 

-.6150 

,7400 

.2499 

.9200 

.1169 

.SftOO 

-.6297 

.7600 

.3809' ' 

^t9400 

' -.0915 '“‘77 7'7T'’'I’^ 

.6000 

->049 

.7800 

.4885 

,9600'' 

V.3TB8 












, 

.6200 

-.5440 

,8000 

_.5650._ 

t.?5op„ 

-.5559 





- 



.6400 

-.AP16 

.0200 

• 8032 

~X*POQ? II 


.6600 

-.3334 

.8400 

.5975 


.. 



• 6B00 

-.1961 

.8600 

.5433 


— 




- 



.7000 

-.0474 

.8800 

^74412'^ 



* 

S 




.. 


ft ftftftftftftftftftftftftftftftftft»ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft» lHtlt»ft<H t»it 





’Z8X 




MODE NUMBER s: 6. EPPO, RAD/SFC = 3R^*?RA3 FREQ* HERTZ = 68*7434 NON-OIMEN* FREQ... » aAiBAQ^A^ 












"* '■"“ 

- -"*^ 

_ — - — 

. , . . .... ...... .^ 













i * 





CHOROWtSE 

OeFLECTlON 





STA X/L 

ni-FLN 

STA X/L 

DFFLN 

STA X/L 

DEFLN 

STA X/L 

. nEFLN 

sta'.x-^u 

PEELN 

StA .X/L„ 

DEFLN 




















0,0Q.Qa , 

J.OOOO 

, .1800 

-.143? 

.3600 

-.1695 

,*>400 


.7?JP . 

...0988 _ 

.9000 

-.0603 











- — 

_ *0200 

7.0160 

.2000 

-.1664 

.3R00 

-*134B 

.S600 

„.?014 . 

. .7400 

,070ft 

.9200 “ 

-.0596 

v-jf 

• 0400 

_r»03l7 

.2r>00 

-.1666 

.4000 

-.0946 

.6600 

.2103 

. .7600 .. 

.. .0^34 

•,?40.Q._ 

-t0565 

, ) 








... 

.0600 

-.0469 

,^'^fl0 

-.206? 

.4200 

-.0505 

.600(1, 

.2113 

,7800 

.0176 

,9600__ 

-.0518 " '’■ 










i 












.0600 

-.0601 

.2600 

-.2224 

.4400 

-.004? 

.6200 

.2051 

*6000 

-.0054 


— .0463 
























^“.1000 

-.0711 

.2600 

-.??<J4 

.4600 

.0419 

.6400 

.1924 

.■”,fl?00 . 

-,0250 

Iu*Sqqo.7.. 

-.0405 


*■ 






















• \206 

-.0846 

,3000 

-.2276 

,4800 

, .0859 

.6600 

.1743 

,6400 

-.0404 : 



*1400 

-.1013 

.3200 

-,?167 

.6000 

.1254 

.6600 

.1518 

,6600 

-.0513 .. 


»,. 

12 








. 

** 

n 












w •16‘00 

-.1211 

.3400 

-.1971 

,S?00 

.1586 

.7000 

.1263 

,6600 

-.0577 



♦ 

5 ^ 






- 





... 


<> tt ft tt tt tt<> ** tt tt ^^ ^v^^ »# <» # tt » « tt 4t ^^<^ tt tt « ^^ ttit ^^ tt tt 4* it tt <1 It <j <j tt « <> tt* i>« <^^^ ^»<^ <^« «« * ft « tt tt tt <> tt tt tt tt tt tt i> tt tt’»V#i tt* 



CO 



TORSIONAL OEFLPCTIDN 



ITAJJ^L 

._ OEFLN 

STA X/L 

DKFLN 

5TA X/L 

t 

OEFLN 


o.nnna 

.. trt747 

*IB00 

.065! 

.■^600 

-.0095 

ttjl 

...nRDO,_ 

.0745 

.2000 

^060ft 

.3000 

-.0185 


.04nn 

. .0740 

.2200 

.0553 

.4000 

-.0271 

J 

.0600 

.0710 

.2400 

.04B? 

.4200 

-.035? 


■ '.Tebo '” 

.0736 

.2600 

.0404 

.4400 

-.0429 


• lono 

.0731 

.2B00 

.0305 

.4600 

t.0503 


^.'1200 

.0721 

.3000 

.0201 

.4BOO 

-.0576 

n 

\i 

.1400 

.0706 

.3200 

.009B 

.5000 

-.0644 

10 

t 

.Tbbb” ' 

L. .06fl3 

• 3400 

-•0001 

.5?00 

-.0703 


» 

0 

s'” 


STA X/L 

PFFLN 

STA X/L 

. OEFlti, 

.‘l.SJA.X/l,„ 

_ BEFLN 

.5400 

-.0752 

.72o6‘ 

..\’f 1159* 

rir^?0Ag.7j_ 

--.1321 

.5600 

‘-.o7«7 . 

.7400, 

--•119B. 

„..9200 

-.1330 ■■■ 

.SflOO 

-.0842 

.7600 

-.1232 

__ .-..-?itOQ 

-.1358 

.6000 

-iOR87 

.7000 

.. - 1 1 26_1. 

.960 0 

-.1373 

.6200 

-.0934 

#0000 _ 

.-•1284 

..71”„.’8flob7r.” 

-.1376 

./?400 

-,09Bl 

; 02 OO 

-.1301 

”._i.oqo6 J * 

■_ - . iiiiZIZS. .‘Zr.'.TlZT-tl 

.6600 

-. 102 B 

*8400 

-.1311 

— 

— 

.6800 

-.1073 

*8600 

-.1314 

, 

- ' * — ' 

• 7000 

-.1118 

*8800, 

r.1314 


: 
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FLAPWISE 

deflection 



■ * 


ST A X/L 

DEFLN 

STA X/L ‘ 

DEFLN 

STA X/L 

OEFLN 

STA X/L 

nFFLN 

STA X/L ^ 

DEFLN STA X/L 

DEFLN 

"" nToooo 

o.nono 

,1800 

.4B0H 

.3600 

-.0919 

,S400 

.0R2?' 

. 720 p'~~ 

_,6455 

-.5150 

7 o 200 

,00<)0 

.2000 

.^46CJ 

'.3000 

-.2496 

.5600 

.3126 

. 1 ' *fJ4^ 

■ 'J, 4 27 5 sj?2 0 

-.3057 

70400"" 

- .*0341 

,2?.00 


.4000 

-.3H4S 

.SHOO 

.5332^ 

,76Jp 

"71822 .9400 ^ 

■''-.0286 

,0600 

.0731 

,2400 

.69H1 

.4200 

-.4831 

.6000 

,7251 

.7B00 

-.069S~" “.9600 

.2945 

.OflOO 

• UBR 

,2600 

.B6BI 

.4400 

-.5331 

.6200 


.8000 

-.3046' 1~^00 

'■■‘‘.642r~‘“'" 

r'l *1000 

.174? 

.2800 

,494«i 

.4600 

-.5?45 

.6400 

.9596 

,8200 

-.5005 . . i.oo’oo 

1.6)00. ; . 

.'iaoo' 

.2420 

.3000 

,3B0B 

.4000 

-.45?? 

.6600 

.9811 

.8400 

r,6343 . 



T/T .•140B 

.3197 

,3:;oo 

.2369 

.soon 

-.31B7 

.6HOO 

.9332 

.A600 

-.6H59 



.1600 


.3400 

.0749 

.s?00 

-.1345 

.7000 

.ftlAB 

*.8800 

-.6453: _ . .. 

, 

ftft ftftftftitftftftft ftftftftftftftft 
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■ '^ J~~~ '.' rWOROWlSF REFLECTION ■■' ”■ 


STA X/L 

DEFLN 

STA X/L 

nrFLN 

8TA X/L 

OEFLN 

STA X/L 

OFFLN 

*0,ft000 

0.0000 

• IROO 

-.383? 

.3600 

-.U4? 

.8400 

.2092 

‘.oaoo 

•••0612 

.2000 

-•4007 

• 3H00 

-.0446 

.5600 

• 1<>53 

"Vh4ao 

-.1200 

• 2?00 

-.4081 

• 4000 

. 0?.?3 

.SHOO 

.17R5 

. 

*.rt600 

-.ITA'’ 

.2400 

-.4033 

.4?on 

• 0R3P 

.6000 

•.1618 

.0800 

-.?2?7 

.2600 

-•3646 

.4400 

.1350 

.6^00 

.1475 

iooo 

-.2600 

.2800 

-.3515 

.4600 

.175? 

.6400 

.1373 

,1200 

-.?94R 

.3000 

-.3050 

• 4R00 

.?n?o 

.6600 

,1321 

.1400 

-.3280 

.3200 

-.a47R 

• SOOO 

.?155 

.6R00 

.1320 

^1600 

-.3581 

,3400 

-.1R31 

.5?on 

.?170 

.7000 

,1366 



.7200 

.■i444‘ ■■■ 

^ . 960 b" 

.0145 

.7400 

■;r536‘ 

.9200 

-.0470 ■ 

.7600 

.1621 

^9400 

■-,1155 

■.7B00 

.1672 

.9600 

••• 1685 

.8000 


.»25®0 

“^'-.2639 

.»B200 . 

..1581 ■ 

1.0000 

-._r.34Ql 

.8400 

..1394 .. 




.8600 

.in'*! . 


" 

,8800 

,0671 


- 
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^ f f ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ tt 4 ft tt ttl- 

TORSTOMAL Of-FLECTTON “‘ * 


STA X/L 

. DKFLN 

STA X/L 

DFFLM 

STA X/L 

DFFLM 

i.oooo 

, w 

-,0?02 

.1800 

-.0161 

.3600 

.047B 

• 0200 

4 ^ 

-♦02(11 

,2000 

-.0134 

.3800 

• 0S6S 

*0400 

*, ,} 

_*7*fl200 

_ .2?00 

-.0097 

.4000 

.0649 

• 0600 

-.0190 

.2400 

-.0047 

.4J>00 

.07?5 



• 0800 

-.0199 

.2600 

.0019 

.4400 

.0791 

.1000 

-.0197 

.2fi00 

.0103 

.4600 

.0848 

' 

*1200 

_-.0194 

.3000 

.0l9S 

.4800 

• 0904 

^ . 

.uoo 

}2 

}} 

-.niBfl 

.3200 

.02HH 

.Boon 

,0970 

10 . 1.600 

-,017fl 

.3400 

.0303 

.s?oo 

.1044 


f 

a 


7 ___^^<>»<MH»tttt<HHHV44444444 4444 444444444444 444 44il4'» 4 4 4444 44>4H>444 4 4 
L 

4 ' 

3 


STA X/L 

OFFIN 

STA X/L 

REFLN ' 

. STA X/L 

DEFLN 







.S400 

.IU‘5 

.7200 . 

. .1697*7 


.1930 . 

.5600 

• ilfle 

,7.400 


,9200 

■ : 1962" ■”■ 

.5800 

.1252 

. •7600 

•1?'6_ 

*9400 

• 2QQ7 

.6000 

.1314 

-•7800 

.1866 


.2043 

• 6200 

• 1376 

,8000 



,2051 

.6400 

.1438 

, ■_ ,8200 . 


iVblioo' 

"^^^:‘2647 

.6600 

♦ 1502 

,8400 

.1944 

• 

- 

• 6B00 

• 1567 

.8600 

• 1939 

- 

... 

.7000 

.1632 

.8800 

. *1926 

- 

— 
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